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In tro d u c t io n
The d isc o v e ry  and developm ent o f  p e n i c i l l i n  a s  a 
s u c c e s s fu l  a n t ib a c t e r i a l  ag en t has fo cu ssed  a t t e n t io n  on th e  
p ro d u c tio n  and exam ination  o f  o th e r  a n t i b i o t i c s .  S y stem atic  
sc re e n in g  o f th e se  a n t ib io t i c s  f o r  a n t ib a c t e r i a l  a c t i v i t y  has 
le d  to  th e  d isco v ery  o f a number o f such substances*  possess-* 
i n  v i t r o  a c t i v i t y  a g a in s t  M ycobacterium tu b e r c u lo s i s , o f 
which on ly  s trep to m y cin  and e e r ta in  o f i t s  c lo s e ly  r e la te d  
d e r iv a t iv e s  have proved to  be o f v a lu e  c l i n i c a l l y .
In  a d d i t io n  to  a n t i b i o t i c s ,  la rg e  numbers o f  s y n th e tic  
compounds have been p repared  and te s te d  f o r  a c t i v i t y  a g a in s t  
M. tu b e r c u lo s is . As w ith  th e  a n t i b i o t i c s ,  many o f th e se  
compounds have marked tu b e r c u lo s ta t ic  p ro p e r t ie s  i n  v i t r o , 
b u t when te s te d  i n  experim en ta l an im als, they  have been found 
to  be e i th e r  in a c t iv e  o r  too to x ic  f o r  c l i n i c a l  t r i a l s .  
F re q u en tly , however, m o d if ic a tio n s  in  th e  s t r u c tu re  o f  such 
m olecu les have le d  to  th e  p ro d u c tio n  o f th e r a p e u t ic a l ly  
v a lu a b le  compounds.
The more su c c e s s fu l o f th e  s y n th e tic  compounds o b ta in ed
i n  t h i s  way a re  4 s4 '-d iam in o d ip h en y l sulphone (Dapsone)*31 and
r e la te d  su lphones, £ - a m in o sa lic y lic  a c id , j> -aeetylam ino-
benzaldehyde th io sem icarbazone (T h iace tazo n e ), and
is o n ic o t in ic  a c id  hydrazide ( I s o n ia z id ) .  At th e  p re se n t tim e
xx A ta b le  g iv in g  the  sy s tem a tic  chem ical names o f p ro p r ie ta ry  
and o f f i c i a l  su b stan ces i s  to  be found in  Appendix I .
th e  su lphones a re  used c h ie f ly  i n  th e  tre a tm e n t o f  le p ro s y , 
and th ey  have been superseded  i n  th e  tre a tm e n t o f  tu b e rc u lo s is  
by s trep to m y c in , d i hydro s trep to m y c in , £ -  amino s a l i c y l i c  a c id ,  
and iso n i c o t i n i c  a c id  h y d raz id e .
th e  d isco v ery  o f th e se  compounds and t h e i r  developm ent 
a s  chem otherapeutic  ag e n ts  i s  now review ed i n  more d e t a i l ,
She S u lphones.
th e  su lp h o n es, which have been found to  be a c t iv e  
a g a in s t  M, tu b e r c u lo s is , a re  m ainly d e r iv a t iv e s  o f 
4 14 ' -d iam inod ipheny l sulphone (Dapsone) ( I ) .  S h is  compound 
was f i r s t  p rep ared  i n  1908 by Fromm and W ittm a n i^ , b u t i t s
( I )
v a lu a b le  a n t ib a c t e r i a l  p ro p e r t ie s  were n o t d isco v ered  u n t i l  
1937 • t h e r e a f t e r ,  i t  was shown to  be a c t iv e  a g a in s t  M.
tu b e rc u lo s is  b o th  i n  v i t r o  and in  experim en ta l a n i m a l s ^ * ^ .  
R ecen tly  (1953) > i t  has been rep o rte d  by F r a n c i s ^  th a t  i t  
i s  more e f f e c t iv e  i n  com bination w ith  s trep to m y cin  th a n  e i th e r  
th ia c e ta z o n e , £ -e th y lsu lp h o n y lb en za ld eh y d e  th io sem icarbazone 
o r £ - a m in o sa lic y lic  a c id , i n  s im ila r  com bination w ith  s t r e p to ­
mycin, f o r  th e  tre a tm e n t o f tu b e rc le  in fe c te d  g u in e a -p ig s . 
D esp ite  i t s  g re a t a c t i v i t y  Dapsone i s  too  to x ic  fo r
3-
g e n e ra l use a s  an a n t i  tu b e rc u lo s is  a g e n t. T his t o x i c i t y ,  
however, has n o t p reven ted  i t s  u se  i n  th e  tre a tm e n t o f 
le p ro s y , a  f i e l d  i n  which i t  has proved to  he o f v e ry  g re a t
a d m in is t ra t io n  o f Dapsone, i n  doses which, a re  g ra d u a lly  
in c re a s e d  o ver a p e rio d  o f s e v e ra l m onths, was f i r s t  d e sc r ib e d
la rg e  and e f f e c t iv e  d o ses , which would p re v io u s ly  have been 
co n sid ered  to  be too  to x ic .  As a r e s u l t ,  Dapsone i s  now 
f irm ly  e s ta b l i s h e d  as an agen t in  th e  tre a tm e n t o f le p ro s y .
A number o f more so lu b le  and l e s s  to x ic  d e r iv a t iv e s  o f 
Dapsone f o r  th e  tre a tm e n t o f tu b e rc u lo s is  have been p rep ared  
by s u b s t i tu t i o n  i n  th e  amino groups. Of th e s e ,  disodium  4 i4 * - 
d i amino d ipheny l sulphone-ir*H#-d ig lu c o se su lp h o n a te  (Promin)
(IX )» which was in tro d u ce d  by Feldman, HLnshaw, and M oses^® \
has been e x te n s iv e ly  in v e s t ig a te d  in  America. Prom th e  
r e s u l t s  o f experim ents i n  an im als, i t  was shown t h a t ,  a lth o u g h  
Promin produced s a t i s f a c to r y  r e s u l t s  d u rin g  tre a tm e n t, when 
the  tre a tm e n t was stopped th e  anim als e v e n tu a lly  d ied  from
v a l u e T h e  s u c c e s s fu l tre a tm e n t o f  le p ro sy  by o r a l
(*j\
by Lowew / . In  t h i s  way, p a t ie n ts  a re  e v e n tu a lly  g iven
HQOH,,. (QHOH) a . CH.NH- ith. ch. ( choh) a. ch9oh
SOjffa SO^flh
( I I )
t u b e r c u l o s i s ^ ^ . Owing to  i t s  to x ic  e f f e c t s  i n  man, a
- 4 -
form o f m ed ica tio n  was in tro d u c e d  in  which Promin was
( 12}a d m in is te red  d u rin g  a l t e r n a te  w eeks' T h is form  o f
tre a tm e n t d id  produce fav o u rab le  r e s u l t s  i n  human pulmonary 
tu b e r c u lo s i s ^ ^ 9 , b u t Daneey, Schm idt, and W ilkie a ls o
r e p o r t e d t h a t  Promin was only  b e n e f ic ia l  i n  le s io n s  o f 
re c e n t o r ig in ,  and th a t  i t  was on ly  s u i ta b le  as an a d ju n c t 
to  o th e r  modes o f trea tm en t*
fhe r e la te d  compound, 4 : 4#-d iam inod ipheny lsu lphone 
disodium  form aldehyde su lp h o x y la te  (BLasone) (1X1), was 
sy n th e s ise d  in d ep en d en tly  by H a i^ is s , Clemence, and
K a 0 2 S .H 2 C.HH CHgSOgHa
(HI)
P r e i f  e l d e r ^ ^ , and by Bauer and R o s e n th a l^ * ^ . I t  was 
re p o r te d  to  be r a th e r  l e s s  to x ic  th a n  Promin in  ex p e rim en ta l 
a n im a ls ^ 8 ’ ^ .
In  t h i s  co u n try , te tra so d iu m  4 * 4 '-b is -Y -p h e n y l-n -  
propylam inoaiphenyl sulphone te tr a s u lp h o n a te  (So lapsone; 
S u lphetrone) (IT ) , which was p repared  by Cray and H e n r y i n
CgH5. OH. 0H2. OH.NB-^  -SOg - O - ra.CH.0,2.0H.06,5
SOjHa SO^Na SO^Na SO,Ha
(IV)
1937 and shown in  th e  same y e a r  to  have a n t ib a c t e r i a l  p ro p e r-  
^  ( 21)t i e s  , was n o t developed as a tu b e r c u lo s ta t ic  agen t u n t i l
-5 -
1944. I t s  a c t i v i t y  i n  ex p erim en ta l tu b e rc u lo s is  i n  g u in ea-
p ig s  was dem onstrated  by Brownlee and Kennedy and i t  was
found to  have low to x ic i t y .  In  c l i n i c a l  t r i a l s ,  to o ,
Solapsone has shown d e f in i t e  improvements i n  c e r t a in  c a se s ,
b u t some to x ic  symptoms have a lso  been n o t e d ^ ^ ’ ^4>25) #
Numerous o th e r  H -s u b s titu te d  d e r iv a t iv e s  o f 4?4 '-d ia m in o -
d ip h en y l sulphone have been d e sc r ib e d , b u t few have proved
even a s  p rom ising  as the  e a r l i e r  su lphones. Sm ith, McClosky,
and Jackson re p o rte d  th a t  4 -ami no- 4 ' - g a la  ctu rony lam ino-
d ip h en y l sulphone and 4 -am ino-4 '-u re id o d ip h e n y l sulphone were
a s  e f f e c t iv e  as Promin in  ex p erim en ta l tu b e rc u lo s is ,  b u t bo th
4-am ino-4#- 8 - earboxyethy lam inodiphenyl sulphone (V) and
4-am ino-4 '-hydroxy lam inodiphenyl sulphone (VI) were l e s s
a c t i v e 4 : 4 '- . B - C a r b o x y e t h y l a m i n o d i p h e n y l  su lphone,
however, was l a t e r  found to  be a c tiv e  in  v i t r o  and to  show
prom ising  r e s u l t s  i n  ex p erim en ta l tu b e rc u lo s is .  4 -Am ino-4'-
succin im idod ipheny l sulphone (V II) and 4 -am ino-4 ' - X  -
carbethoxypropionam idodiphenyl sulphone (V III)  were a lso  
( 2 Q )r e p o r te d ' to  be as e f f e c t iv e  as Promin in  th e  tre a tm e n t 
o f ex p erim en ta l tu b e rc u lo s is ,  a lth o u g h  i n f e r i o r  to  4 -amino-  
4 '-n -p ro p y lam in o d ip h en y l su lphone. Youmans and Doub^O) 
te s te d  in  v i t r o  a  s e r ie s  o f N -a lky l and N -a lkeny l d e r iv a t iv e s  
of 4*4'-d ism in o d ip h en y l su lphone, and found th a t  on ly  one, 
4-am ino-4'-a lly la m in o d ip h e n y l sulphone was more a c t iv e  th an  
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^  " S02 " \  )>-HH.00.0H2 .CH2.
( T i l l )
S a i le r  and Banks  ̂ considered  th e  q u e s tio n  o f o r ie n t  a- 
t i o n  o f amino end sulphone g roups, and showed th a t  to  m a in ta in  
a c t i v i t y  a t  l e a s t  one amino group must be r e ta in e d  i n  th e  p ara  
p o s i t io n  to  th e  sulphone group. A s e r ie s  o f n u c le a r  
s u b s t i tu te d  d e r iv a t iv e s  were p repared  by Youmans and D o u b ^ ^ ,
ana F re e d la n d e r  and F re n c h ^ 2^, and found to  be l e s a  a c t iv e  
th an  Dapsone. More p rom ising  r e s u l t s  were o b ta in e d  w ith  
2 s 2#^d lh y d ro x y -4*4#~dlam inodiphenyl sulphone (IX) which was
'  C 0H H O -------
(XX)
re p o r te d  by L in n e ll  and S te n la k e ^ 3 » 3 4 )  ^  l e s s
to x ic  th a n  Dapsone, a lth o u g h  eq u a lly  a c t iv e .
Replacement o f  one o f  th e  benzene n u c le i  by a  h e te ro ­
c y c l ic  r in g  has been e f fe c te d  i n  4-am inophenyl 2#**«®iao~5'~ 
t h la z o ly l  sulphone (X). f h i s  compound produced fa v o u ra b le
h2i i- <O >_$0 î m
C|1 0 . * ^
sr
(x)
r e s u l t s  a g a in s t  I I .tu b e rc u lo s is  in  ex p erim en ta l animal© a t  h a l f  
th e  dose re q u ire d  f o r  P ro ® ln ^ ^ ,b u b  was l a t e r  re p o r te d  to  be 
more to x ic  th an  D a p a o n e ^ ^ .
®ke i n  v i t r o  e x a m in a tio n ^ 0  ̂ o f  a  s e r i e s  o f  compounds o f 
s t r u c tu r e  (XI) rev ea led  only  one su bstance  (R « which
-8~
was more a c t iv e  th an  4 * 4 '-  d i amino d ip h en y l su lphone , as
(XI)
shown i n  Table 1. Wojahn and L e rc h ^ ? )  too  found t h a t  
4 ? 4 '-  d i ami no d ipheny l d i su lp h id e  (XI, IteSg) and some o f  i t s  
d e r iv a t iv e s  were a c t iv e  a g a in s t  M. tu b e r c u lo s i s , b u t th ey  
showed h ig h  to x ic i ty  i n  mice and could on ly  be used  f o r  lo c a l  
a p p l ic a t io n ,
TABLE 1.
Compound XI P ercen tage  A c tiv ity  as  compared w ith  
L ink ing  Croup R= 4 : 4 '-D iam inodiphenyl Sulphone (100)
~SOg~ 100
**S©~ 5*6
-S -  22
-SOgS- 280
- $ o 2 ( e i 2 ) 3 $© 2~  n
-CO-CO- 6 .0
- 9 -
U n til  r e c e n t ly ,  a l l  th e  ev idence p o in ted  to  th e  f a c t  
th a t  n i t ro g e n  s u b s t i tu te d  d e r iv a t iv e s  o f  Dapsone were 
converted  in to  th e  p a re n t compound i n  th e  body, and t h a t  
th e s e  d e r iv a t iv e s  owed th e re  a c t i v i t y  to  t h i s  b r e a k d o w n ^ 8 >39)^ 
I t  has now been shown by F ra n c is  and S p in k s^59) th a t  Dapsone 
i s  n o t e x c re te d  unchanged, a lth o u g h  they  were u nab le  to  
I d e n t i f y  th e  p ro d u c ts . However, Bushby and Woiwod (40) 
i d e n t i f i e d  th e  main p roduct as a con ju g ate  i n  which one o f  th e  
f r e e  amino groups was b lacked  by g ly c u ro n ic  a c id , and showed 
th a t  on ly  abou t 5$ Dapsone was p re se n t as  such. This 
co n ju g a te  was a lso  found in  th e  b lood . S im ila r ly , Solapsone 
ad m in is te red  p a r e n ta l ly  was n o t converted  in to  Dapsone, th e  
m o n o -su b s titu te d  d e r iv a t iv e  (sem i-so lapsone) b e in g  i d e n t i f i e d  
a s  an e x c re tio n  p ro d u c t. In  view o f th e  f a c t  t h a t  c e r t a in  
m o n o -su b stitu ted  d e r iv a t iv e s  o f Dapsone,which have a n t i ­
tu b e rc u lo s is  a c t i v i t y ,  a re  ex c re ted  unchanged, Bushby and 
Woiwod suggested  th a t  th e  a c t i v i t y  o f Dapsone was in  f a c t  due 
to  th e  m o n o -su b stitu ted  d e r iv a t iv e  formed in  th e  body. 
S im ila r ly , i t  was considered  th a t  th e  a c t i v i t y  o f Solapsone 
was due to  th e  sem i-so lapsone p re se n t i n  th e  commercial 
su b stan ce , and a lso  formed i n  th e  body. Bo f u r th e r  i n v e s t i ­
g a tio n  o f  m o n o -su b stitu ted  d e r iv a t iv e s  o f  4*4*-diam inodiphenyl 
sulphone has so f a r  been re p o r te d .
S trep tom ycin .
S trep tom ycin  (X II, R=CHO) was d iscovered  by S ch atz , Bugie
and Waksman i n  1 9 4 4 ^ ^  a f t e r  t e s t i n g  a  la rg e  number o f 
ac tin o m y ce te s , f u n g i ,  and b a c te r ia  f o r  tu b e r c u lo s ta t i c  
a c t i v i t y .  I t  i s  a  p roduct o f  th e  m etabolism  o f  th e  mould
NH
^ G H  
CHOH ^ C H -
F




S treptom yces g r is e u s  and was found to  show h ig h  tu b e rc u lo ­
s t a t i c  a c t i v i t y  b o th  i n  v i t r o (4^>45) experim en ta l
an im a ls (4^). E arly  c l i n i c a l  r e p o r t e r s * 46,47) were e q u a lly  
s a t i s f a c to r y ,  and l a t e r  r e p o r ts  confirm ed th a t  i t  was th e  most 
e f f e c t iv e  su bstance  known f o r  t r e a t i n g  tu b e rc u lo u s  m enin- 
g W * 8 ’ 49, 5 0 ,51 ,52 ) ,  pulmonary ̂  ,54 ,55)  a i  ^ U a I y
tu b e rc u lo  s i  s (4 9 ).
I t  i s  p o o rly  absorbed from th e  i n t e s t i n e s ,  and hence 
s u f fe r s  from th e  d isad v an tag e  th a t  i t  has to  be ad m in is te red  
p a re n ta l ly .  Two o th e r  se r io u s  d isad v an tag es were found to  
a tte n d  i t s  u se . In  th e  f i r s t  p la c e , the  tu b e rc le  b a c i l lu s
-1 1 -
(and o th e r  s t r a i n s  o f b a c te r ia )  i n i t i a l l y  s e n s i t iv e  to  
s trep to m y c in  becomes r e s i s t a n t  to  th e  a n t i b i o t i e ^ ^ *  
making pro longed co u rses  o f tre a tm e n t im p o ss ib le . The o th e r  
u n d e s ira b le  f e a tu r e  i s  th a t  to x ic  symptoms develop  i n  many 
c a s e s ^ ^ * ^ ^ .  These symptoms r e s u l t  from damage to  th e  
la b y r in th  o f th e  e a r ,  b u t th ey  g ra d u a lly  d isa p p e a r  when 
a d m in is tra tio n  o f th e  drug i s  s topped , An a ttem p t to  avoid  
o r  d e lay  th e  emergence o f s t r e p to m y c in - re s is ta n t  tu b e rc le  
b a c i l l i  by I n te r m i t te n t  dosage was consid ered  to  o f f e r  no 
advantage over d a i ly  dosage t r e a t m e n t . On th e  o th e r  
hand, James, S id es , Dye, and Dyke r e p o r t e d t h a t  doses o f 
s trep to m y c in , ad m in is te red  every  th i r d  day, gave r e s u l t s  
com parable w ith  d a i ly  dosage tre a tm e n t, and t h a t  th e  form er 
method n o t only  m arkedly reduced th e  to x ic  symptoms b u t a lso  
delayed th e  emergence o f s t r e p to m y c in - r e s is ta n t  s t r a i n s  o f  
Iff, tu b e r c u lo s i s . I t  was observed th a t  r e s i s t a n t  s t r a i n s  
g e n e ra lly  appeared most r e a d i ly  in  p a t ie n t s  who had th e  most 
e x te n s iv e  in f e c t io n s .
With th e  in tro d u c t io n  o f ami n o s a l ic y l ie  a c id  f o r  th e  
tre a tm e n t o f  tu b e rc u lo s is ,  i t  was found th a t  a com bination 
w ith  s trep to m y cin  delayed th e  emergence o f s trep to m y cin - 
r e s i s t a n t  s t r a i n s  o f b a c t e r i a ^ ^  65 ), t h i s  i s  now an 
e s ta b lis h e d  method o f tre a tm e n t. S treptom ycin  i s  a lso  g iven 
w ith  I s o n ia z id , b u t d a i ly  a d m in is tra tio n  i s  e s s e n t i a l  s in ce  
s t r a i n s  o f M. tu b e rc u lo s is  r e s i s t a n t  to  I s o n ia z id  a re  more 
l i a b le  to  emerge w ith  in te r m i t te n t  a d m i n i s t r a t i o n ^ .
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D ihydrostrep tom ycin
H ydrogenation o f  s trep to m y cin  h y d ro ch lo rid e  i n  aqueous
s o lu t io n  in  th e  p resence  o f  a p la tinum  o r  p a llad iu m  c a ta ly s t
y ie ld s  d ihydro  s trep to m y cin  h y d ro ch lo rid e . In  v i t r o
and in  v iv o (69»70»71,72) -j;e s -jjs> and a lso  l a t e r  c l i n i c a l
r e p o r t s ^ '*  >74*75) showed d i hydro strep to m y cin  (X II, RaCHgOH)
to  he j u s t  a s  e f f e c t iv e  as  s trep to m y cin  a g a in s t  th e  tu b e rc le
b a c i l l u s .  This a c t i v i t y  was somewhat unexpected  s in c e
p rev io u s  o b se rv a tio n s  had shown th a t  re a g e n ts  which b lock
th e  carbonyl group, such as  hydroxylam ine and c y s te in e ,
( 72 1in a c t iv a te d  th e  m o lecu lev ' J ’ .
The in c id e n c e  o f  s t r a i n s  of M. tu b e rc u lo s is  r e s i s t a n t  
to  d ih y d ro strep to m y cin  was reduced to  an i n s i g n i f i c a n t  le v e l  
by combined tre a tm e n t w ith  £ -a m in o s a lic y lic  a e i d ^ ^ .  Toxic 
symptoms produced by d ih y d ro strep to m y cin  do n o t appear as 
f re q u e n tly , b u t when observed a re  more s e r io u s  th an  w ith  
s t r e p t o m y c i n . U nlike s trep to m y c in , d ih y d ro s tre p to -  
mycin causes n erv e  dea fn ess  which i s  i r r e v e r s i b l e ,  and may 
become worse a f t e r  tre a tm e n t i s  s topped .
Manno s i  do s trep to m y cin
M annosidostreptom ycin (X III) , i s o la te d  from crude 
s trep to m y cin  c o n c e n tra te s  by F ried  and T itu s  was
o r ig in a l ly  known as s trep tom ycin  B, u n t i l  i t s  s t r u c tu r e  was 
determ ined r a t i o  of s trep tom ycin  to  m$nnosido~
strep to m y cin  a c t i v i t y ,  b o th  i n  v i t r o  and in  experim en ta l
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an im als was found to  v ary  by a  f a c to r  o f  between 1*23 aud 
7 .0 6  to  J,ike s trep to m y c in , m annosidostrep tom ycin  I s
in a c t iv a te d  by re a g e n ts  which r e a c t  w ith  th e  ca rbony l group, 
and, on re d u c t io n , i t  form s a  d ihydro  compound*
\ . / *
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para-Amino s a l i c y l i c  A cid.
The o b se rv a tio n s  o f B e rn h e im ^  , t h a t  a d d i t io n  o f 
ben zo ates and s a l i c y l a t e s  in c re a se d  th e  oxygen up take o f th e  
tu b e rc le  b a c i l l u s ,  le d  to  th e  d iscovery  o f j> -am in o sa licy lic
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a c id  (XXV)  a s  a  u s e fu l  d rug  i n  th e  tre a tm e n t o f  tu b e rc u lo s is *
0OOH
b en a o a te s  and s a l i c y l a t e s  were on ly  capab le o f  in f lu e n c in g  
th e  oxygen m etabolism  o f  pathogen!o  s t r a i n s  o f  M, tu b e rc u lo s is ,  
th e  n o n -p a th o g en ic  s t r a i n s  be ing  u n a ffe c te d . S x an in a tio n  o f 
a  la rg e  number o f  d e r iv a t iv e s  o f th e se  a c id s  re v e a le d  th a t  ;
q u en tly  i t  was found to  be e f f e c t iv e  i n  th e  tre a tm e n t o f
I t  i s  now w ell e s ta b lis h e d  as  a  chem otherapeu tic  ag en t in  th e  
tre a tm e n t o f tu b e rc u lo s is  * s in c e  i t  has a low to x ic i ty  to
absorbed and e x c re te d , so th a t  la rg e  d a i ly  doses (abou t 20g*) 
a re  req u ired  I t  i s  n o t s u rp r is in g  th e re fo re  t h a t  nausea , 
v o m itin g , and d ia rrh o e a  a re  some o f th e  u n p leasan t s id e -  
o f f  e c ts  a s s o c ia te d  w ith  i t s  u se .
Many o th e r  d e r iv a t iv e s  and compounds s im ila r  to  £ - amino­
s a l i c y l i c  ac id  have been prepared and te s te d  in  th e  sea rch  f o r  
a  more a c t iv e  and more s u i ta b le  compound. Phony1 -4 -amino­
s a l i c y l a t e  was r e p o r t e d ^ *92,93) have in  v i t r o  and in  v ivo
» h 2
(337)
Lehmann on re p e a tin g  th e  exp erim en ts , no ted  t h a t
£-& m inosnX icylie ac id  wa
tu b e rc u lo s is  i n  ex p e rin en i and man
human beings I t  has th e  d isad v an tag e  o f b e in g  ra p id ly
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tu b e r c u lo s ta t i c  a c t i v i t y  many tim es g r e a te r  th an  th a t  o f 
j> -a m in o sa lic y lic  a c id , h u t i t  has s in c e  been re p o r te d  t h a t  
b o th  t h i s  and o th e r  a ry l  e s te r s  have i n  v ivo  a c t i v i t i e s  which 
a re  on ly  o f  th e  same o rd e r  as th e  p a re n t compound. The a lk y l  
e s t e r s  were sh o w n ^ ^ * ^ ^  to  have on ly  a  low o rd e r  o f a c t i v i t y .
4-ibaino~2~hydroxybenzhydrazide (XV) has been te s te d  b o th
CO.ITH.rao
A - o ,  2
m 2 
(rr)
i n  v i t r o  and i n  v ivo  and i t s  a c t i v i t y  was found to  be
a lth o u g h  i t  has been re p o r te d  e lsew here 
to  have an a c t i v i t y  in  v i t r o  of a s im ila r  o rd e r  to  t h a t  o f  
^ a m in o s a l ic y l ic  a c id .
Btiehi, l i e b e r h e r r ,  and F l u r y ^ ^ ^  p repared  a s e r ie s  of 
d e r iv a t iv e s  in v o lv in g  s u b s t i tu t io n  o r rep lacem ent o f th e  
carbony l group, s u b s t i tu t io n  o f th e  amino group, o r  r e p la c e ­
ment o f th e  hydroxy group. None o f th e se  compounds was o f 
th e  same le v e l  o f a c t i v i t y  as £ -a m in o s a lic y lic  a c id  i n  v i t r o .
These r e p o r ts  and many o th e rs  have confirm ed the  
o r ig in a l  co n c lu sio n s o f L e h m a n n t h a t
(1) th e  hydroxyl group in  the  2 p o s i t io n  i s  e s s e n t i a l ;  
rep lacem ent by amino o r c h lo r in e  a b o lish e s  a l l  a c t i v i t y ,  
w h ils t  removal to  th e  3 p o s i t io n  causes a marked f a l l  i n  
a c t i v i t y ,
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(2) rep lacem en t o f  th e  4-amino group by a n i t r o  o r  o th e r  
group, o r  removal to  th e  3 o r  5 p o s i t io n ,  causes a marked f a l l  
i n  a c t i v i t y ,
(3) a lk y la t io n  o f  th e  amino group o r  © s te r i f ic a t io n  o f  
th e  carboxyl group causes only a s l i g h t  re d u c tio n  o f a c t iv i ty *
The use  of a m in o sa lic y lic  a c id  i s  now w ell e s ta b l is h e d  
i n  th e  tre a tm e n t o f tu b e rc u lo s is ,  b u t owing to  th e  developm ent 
o f  s t r a i n s  o f 1€, tu b e rc u lo s is  r e s i s t a n t  to  th e  drug , and to  
th e  f a c t  th a t  ^ -a m in o s a lic y lic  ac id  i t s e l f  d e lay s emergence 
o f  s t r a i n s  r e s i s t a n t  to  s trep to m y cin  o r  I s o n ia z id ,  i t  i s  
norm ally  g iven w ith  one o r o th e r  o f th e se  su b s tan ce s . The 
dose o f ami no s a l  ic y  l i e  ac id  when g iven w ith  s trep to m y c in  i s
s t i l l  about 20g* d a i ly ,  sm a lle r  doses b e in g  found to  be l e s s  
e f f e c t iv e  Combination w ith  I s o n ia z id  i s  more v a lu a b le
from th e  p o in t o f view of av o id in g  b a c te r ia l  r e s i s ta n c e ,  and 
as l i t t l e  as 10g. o f th e  sodium s a l t  may th en  be g iven  d a i ly  
a lo n g  w ith  200mg* o f I s o n ia z id  .
T h iosem icarbazones.
The d isco v ery  th a t  sulphonam ides such as s u lp h a th ia z o le  
(XVT) and su lp h a th ia d i azo1e (XVII) showed a c t i v i t y  a g a in s t  
th e  tu b e rc le  b a c i l l u s ^ ^ ^ , le d  to  th e  exam ination  o f 
compounds hav ing  s im ila r  s t r u c tu r e s .  Domagk d esc rib ed  
4-aeety lam inobenzaldehyde th iosem icarbazone (T h iace tazone; 
conteben; TB1/698; tib io n e )(X V III)  a s  be ing  th e  most a c t iv e
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o f a  s e r ie s  o f  su b s tan ce s  examined. T his compound has s in c e
v O * r ! tV OH H CH
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been th o ro u g h ly  examined by se v e ra l re s e a rc h  groups. P re lim ­
in a ry  t e s t s  In d ic a te d  th a t  i t  was s u p e r io r  to  ]>-amino s a l i c y l i c  
a c id  i n  tu b e rc u lo s is  o f ex p erim en ta l an im als 1 104) ^
Domagk a lso  confirm ed t h i s ^ ® ^ .  Hinshaw and McDermott( ^ 6 )  
and M ertens and Bunge( ^ 7 )  d esc rib ed  th e  r e s u l t s  o f  la rg e -  
sc a le  c l i n i c a l  t e s t s  in  Germany, and s ta te d  th a t  in  c e r ta in  
o a se s , improvement was n o tic e d  w ith in  a few days of th e  
commencement o f tre a tm e n t. The dosage v a r ie d  from 12.5 to  
200 mg. d a i ly .  I t  was found th a t  c e r ta in  to x ic  e f f e c t s ,  
m ain ly  in  th e  form o f g a s t r o - in te s t i n a l  d is tu rb a n c e s , were 
f r e q u e n t .
According to  D o m a g k a n d  L e v a d iti , T h iacetazone 
i s  s u p e r io r  to  j>-amino s a l i c y l i c  a c id , b u t i n f e r i o r  to  s t r e p to ­
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mycin i n  ex p e rim en ta l tu b e rc u lo s is  i n  an im als . However, 
S pain , C h ild re s s , and P i s h i e r f o u n d  th a t  T h iacetazone 
and s trep to m y cin  were e q u a lly  a c t iv e  i n  ex p e rim en ta l an im a ls , 
and t h a t  com bination o f th e  two drugs in  h a l f  doses was ju s t  
as  e f f e c t iv e  as T h iacetazone a lo n e , and p robab ly  more so 
th a n  s trep to m y c in . S im ultaneous a d m in is tra tio n  o f th e  two 
drugs was a lso  found (109) .̂0 ^exay th e  emergence o f 
T h ia c e ta z o n e - re s is ta n t  o rganism s. S im ila r ly , T hiacetazone 
g iven  w ith  a s u b -e f fe c t iv e  dose o f d ih y d ro strep to m y cin  was 
found to  be more e f f e c t iv e  in  the  tre a tm e n t o f tu b e rc u lo s is  
in  ex p erim en ta l an im als(H O ) than  T h iacetazone a lo n e , o r  th e  
com bination o f amino s a l i c y l i c  ac id  and a s u b -e f fe c t iv e  dose 
o f d ih y d ro strep to m y c in .
The e f f e c t  o f s t r u c t u r a l  m o d if ic a tio n s  in  th e  T h iac e ta ­
zone m olecule was examined by B ehnisch, M ietzch , and 
Schm idtx who showed th a t  th e  su lp h u r atom was im p o rtan t
f o r  tu b e r c u lo s ta t ic  a c t i v i t y .  T hiosem icarbazones o f r e la te d  
arom atic  k e tones were found to  be l e s s  e f f e c t iv e  th an  th o se  of 
th e  a ld eh y d es , and s u b s t i tu t io n  o f th e  hydrogen atoms o f the  
th io sem ica rb az id e  re s id u e  a lso  le d  to  a re d u c tio n  in  a c t i v i t y .  
A c tiv i ty  was in c re a se d  by s u b s t i tu t io n  in  th e  arom atic  r in g , 
p a r t i c u la r ly  so f o r  s u b s t i tu e n ts  co n ta in in g  n itro g e n , su lp h u r, 
and oxygen. P o s i t io n a l  isom erism  was a lso  im p o rta n t, and th e  
g en e ra l o rd e r of d ec re as in g  a c t iv i t y  was p a ra , m eta, o r th o . 
£ -ffitrobenzaldehyde th iosem icarbazone (XIX,, BsNOg) was more 
a c t iv e  th an  am inobenzaldehyde th io sem icarb azo n e , (XIX,
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b u t th e  l a t t e r  was th e  p a re n t compound f o r  numerous d e r iv a ­
t i v e s  ( fo r  exam ple, R*C6H5COffH~, (CH^glT-, CHjOOg^CIMr- , 
a s  w e ll a s  CH^CO- ) a l l  c o n s id e ra b ly  more a c t iv e  th a n  i t s e l f *
(XIX)
S im ila r ly , oxygen s u b s t i tu te d  d e r iv a t iv e s  o f £ -hydroxy- 
benzaidehyde th io sem icarbazone ( fo r  example XIX, R»OHjO- 
and RssCHjCOO- ) were found to  be more a c t iv e  th an  th e  p a re n t 
compound, £-Ethoxybenzaldehyde th io sem icarbazone has a lso  
been r e p o r t e d t o  show a p p re c ia b le  a c t i v i t y  i n  e x p e r i­
m ental an im als
£ - A m inosalicy laldehyde th io sem icarbazone was re p o rte d  
to  po ssess  in  v i t r o  a c t i v i t y  about ten  tim es th a t  o f 
f h i a c e t a z o n e ^ ^ )   ̂ b u t acco rd in g  to  Goldberg and Walker b o th  
£ -am in o sa liey la ld eh y d e  th io sem icarbazone and some o f i t s  
s u b s t i tu te d  d e r iv a t iv e s  proved to  be le s s  e f f e c t iv e  th an  
£ - a m in o sa lic y lic  a c id  in  th e  tre a tm en t o f tu b e rc u lo s is  in  
ex p erim en ta l an im als .
Hagenbach and G y s in ^ 1^  re p o rte d  th a t  n ico tin a ld e h y d e  
th io sem icarb azo n es showed a r e l a t iv e l y  h igh  tu b e r c u lo s ta t ic  
e f f e c t ,  b u t th a t  replacem ent o f th e  p y rid in e  n u c leu s  by fu ra n , 
th io p h en e , th ia z o le ,  p y r ro le , 4~ m ethy lpyrro le , o r  im idazo le  
le d  to  a com plete lo s s  o f a c t i v i t y .
Although numerous o th e r  th io sem icarbazones have been
20-
p rep ared  and te s te d  f o r  a c t i v i t y  a g a in s t  th e  tu b e rc le  
b a c i l l u s ,  th ey  a r e ,  alm ost w ith o u t e x c e p tio n , a s  to x ic  a s
t o x i c i t y  was o f a s im ila r  o rd e r  to  th a t  o f  T h iace tazo n e . 
This h ig h  to x ic i ty  has r e s t r i c t e d  th e  in tro d u c t io n  o f  th e  
th io sem icarb azo n es in to  g en e ra l use i n  th e  tre a tm e n t o f  
tu b e rc u lo s is .  They a re ,  however, o f v a lu e  o c c a s io n a lly  
when s p e c ia l  in d ic a t io n s  may advocate t h e i r  u se .
i s o B le o tin ic  Acid H ydrazide ( I s o n ia z id ) .
isoK lo o t i n i c  a c id  hydrazide  (XXI) has r e c e n t ly  been 
in tro d u c e d  as a chem otherapeu tic  agen t f o r  th e  tre a tm e n t o f
C0.9H.HHoi 2
tu b e rc u lo s is ,  and in  many ways i t  i s  th e  most s a t i s f a c to r y  
substance  a v a i la b le .  P re lim in a ry  experim ents showed th a t  i t
T h iac e ta zo n ev ' .  £ -E thy lsu lp h o n y lb en za ld eh y d e  th io -
semi carbazone (XX) f o r  example showed marked a c t i v i t y ^
(XX)
b u t th e  r e p o r t  o f a  c l i n i c a l  t r i a l ^ ^  in d ic a te d  t h a t  i f̂es
(XXI)
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(120p o sse sse s  an e x c e p tio n a lly  h ig h  a n t i tu b e r c u la r  a c t i v i t y v * 
121,122) af t e r  th e  f i r s t  encouraging  r e p o r t  on i t s  c l i n i ­
c a l  u s e t h e r e  seemed to  be good reaso n  to  b e l ie v e  th a t  an 
e f f e c t iv e  tre a tm e n t f o r  tu b e rc u lo s is  had a t  l a s t  been found .
I s o n ia z id  has th e  advantage o f b e in g  co m p ara tiv e ly  f r e e
/124from  any to x ic  e f f e c t s  in  man when norm al doses a re  g iv e n ' * 
a lth o u g h  B ieh l and N im itz re p o rte d  th a t  p e r ip h e ra l
n e u r i t i s  became in c re a s in g ly  common as th e  d a i ly  dose was 
in c re a se d  to  24 m g./kg . Toxic symptoms have a lso  been r e p o r t ­
ed Ito. th e  case o f ex p erim en ta l an im als which rece iv e d  ex cep tio n ­
a l l y  la rg e  doses of I s o n i a z i d ^ 2^ 9 . S u ll iv a n , B a rc lay ,
and K arnofsky, however, found no s e r io u s  adverse r e a c t io n s  when 
p a t ie n t s  were g iven  d a i ly  doses of 20-37*5 m g./kg . f o r  p e r io d s  
o f from wix to  s ix ty  d a y s ^ ^ ^ .
I t  #oon became obvious th a t  in  th e  tre a tm e n t o f  p a t ie n t s  
w ith  I s o n ia z id , i n i t i a l  improvement was in v a r ia b ly  fo llow ed  by 
r e la p s e ,  due to  th e  development o f s t r a i n s  o f M .tu b e rc u lo s is  
r e s i s t a n t  to  th e  d r u g ^ ^ 9 # F o rtu n a te ly  t h i s  r e la p s e
can be p reven ted  o r delayed by g iv in g  I s o n ia z id  and s t r e p to ­
mycin to g e th e r  ̂ 2 )  # M edical Research Council r e p o r ts
th a t  s trep to m y cin , 1g. d a i ly ,  w ith  I s o n ia z id ,  200m g.daily , i s  
e f f e c t iv e  b o th  c l i n i c a l l y  and in  producing  a low in c id en c e  of 
bo th  strep to m y cin  and I s o n ia z id  r e s i s t a n c e . The a c tio n  
of the  two i s  s y n e rg is t ic ,  th u s  showing th a t  th e y  must a c t  by 
a d i f f e r e n t  mechanism a g a in s t th e  tu b e rc le  b a c i l l u s .
A com bination of I s o n ia z id  and £ - a m in o sa lic y lic  ac id  i s
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a lso  e f f e c t iv e  i n  th e  tre a tm e n t o f  tu b e r c u lo s i s ^ ^ 9
13&) h e re  ag a in  i t  has been r e p o r t e d 138) -f^e
i n i t i a l  reco v ery  i s  fo llow ed  by r e la p s e ,  due to  emergence
o f I s o n ia z id - r e s i s t a n t  s t r a i n s  o f M. tu b e r c u lo s i s * A
v a r i a t io n  i n  t h i 3 method o f tre a tm e n t in  which th e  p a t ie n t s
a re  t r e a te d  f o r  s h o r t p e r io d s  w ith , su c c e s s iv e ly , I s o n ia z id
and s trep to m y c in , s trep to m y cin  and jo- amino s a l i c y l i c  a c id ,
and £ -a m in o s a lic y lic  a c id  and I s o n ia z id ,  was considered  to
(1 *>9)be an im provem ent' .
R ecen tly , i t  has been dem onstrated ^ ^ 0 ,  ’ 142 ,143),
t h a t  s t r a i n s  o f th e  tu b e rc le  b a c i l lu s  which a re  h ig h ly  
r e s i s t a n t  to  I s o n ia z id ,  show a lo s s  o f v iru le n c e  f o r  e x p e r i­
m ental an im als. M ycobacteria p o sse ss in g  low er le v e l s  o f 
r e s is ta n c e  th an  a re  norm ally  found c l i n i c a l l y ,  do n o t show 
t h i s  la c k  o f v iru le n c e . M iddlebrook, Cohn and S ch aefe r 
fo u n d ^ 4 4 )  h ig h ly  r e s i s t a n t  s t r a i n  in  the  sputum o f
p a t ie n t s  whose tre a tm e n t w ith  I s o n ia z id  had been s ta r t e d  a t  
a dosage o f n o t le s s  th an  8 m g./kg . d a i ly ,  and th ey  claim ed 
th a t  tre a tm e n t w ith  I s o n ia z id  alone should  be s ta r t e d  a t  
t h i s  dosage, s in ce  a l l  th e  r e s i s t a n t  s t r a i n s  which emerged 
would then  be a v i r u le n t .  I t  i s  n o t known y e t w hether 
s t r a i n s ,  a t te n u a te d  in  t h i s  way, do o r do n o t r e v e r t  once 
ag a in  to  th e  v i r u le n t  form , and c le a r ly  the  ad op tion  o f 
t h i s  method o f m ed ica tio n  depends on t h i s  v ery  p o in t .
Follow ing upon th e  success o f I s o n ia z id  i n  th e  tre a tm e n t 
o f tu b e rc u lo s is ,  many o th e r  ac id  h y d raz id es and d e r iv a t iv e s
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have been prepared and tested for activity against M.tuber­
culosis. Favourable results have been obtained with 




( m i )
animals(^21»145f146,147)# isoNicotinoyl hydrazid# methane- 
sulphonate ̂  has also been found to possess activity
similar to that of Isoniazid in experimental animals, and, 
being much l e s s  to x ic  th an  I s o n ia z id , i t  could be used in 
larger doses w ith  a co rresp o n d in g ly  more fa v o u rab le  r e s u l t .
B e rn s te in  and h is  co lleag u es  r e p o r t e d ^ t h a t  i n t r o ­
duction o f a s u b s t i tu e n t  in to  th e  p y rid in e  r in g  r e s u l te d  in a 
lo s s  o f  b o th  i n  v i t r o  and in  v ivo a c t i v i t y .  On th e  o th e r  
hand, a lk y la t io n  o r  a c y la t io n  o f th e  hydrazine  n i tro g e n , o r  
condensation  o f I s o n ia z id  w ith  aldehydes and ketones y ie ld ed  
a c t iv e  d e r iv a t iv e s ,  b u t none o f them was more a c t iv e  th an  
I s o n ia z id .  They a lso  d e s c r i b e d a c t i v i t y  of s e v e ra l 
h e te ro c y c l ic  e a rb o x y lic  ac id  h y d raz id es . The most a c t iv e  of 
th e se  were 2- f u r o ic  a c id  h y d raz id e , th io p h e n -2- ea rb o x y lic  a c id  
h y d raz id e , and g ly o x a lin e -5- ea rb o x y lic  ac id  h y d raz id e , b u t 
none of th e se  compounds was as a c t iv e  as I s o n ia z id .
Among th e  many o th e r  d e r iv a t iv e s  o f I s o n ia z id ,  which
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p o sse ss  i n  v ivo  and i n  v i t r o  a c t i v i t y  a g a in s t  M. tu b e r c u lo s is , j
have been re p o rte d  as b e in g  l e s s  to x ic  th a n  th e  p a re n t 
compound. £-H ydroxybenzal ia o n ic o tin y lh y d ra z o n e  (JX III)
0 ■ C -  HH.K » CH
o rd e r  a s  I s o n ia z id ,  and i t s  to x ic i ty  tow ards ex p erim en ta l 
an im als i s  low, b e in g  between one f i f t h  and one te n th  o f th a t  
o f th e  p a re n t compound* The two compounds were found to  a c t  
to g e th e r , d e lay in g  development o f s t r a i n s  o f M. tu b e rc u lo s is  
r e s i s t a n t  to  e i t h e r  su b stan ce .
In  th e  a l ip h a t ic  s e r i e s ,  cy an ac e tic  ac id  hyd razide  was 
found by H a r t i ^ ' ^  to  p o ssess  h igh  in  v ivo  a c t i v i t y ,  and a 
p re lim in a ry  re p o r t  by S c h e u ^ ^ 0  ̂ claim ed th a t  i t  was compar­
ab le  to  I s o n ia z id  in  th e  tre a tm en t o f human pulmonary 
tu b e rc u lo s is .  L a te r  r e p o r ts ,  however, showed th a t  th e  drug 
was le s s  a c t iv e  th a n  Iso n ia z id  in  v i t r o  and in  v ivo a g a in s t  
$1. tu b e r c u lo s is , and th a t  i t  was u su a lly  in a c t iv e  a g a in s t  
I s o n ia z id - r e s i s ta n t  s t r a i n s ,  a lthough  th e  t o x i c i t i e s  o f th e  
two compounds were o f  th e  same o r d e r ^ ^ 9 In  v i t r o
experim ents on the  tu b e rc u lo s ta t ic  a c t i v i t i e s  o f a number o f 
c y a n o -a lip h e tie  hydrazide? and r e la te d  compounds in d ic a te d
a re  m e th y le n eb is (2- is o n ic o t in o y l  h y d ra z id e )v } and
D -g a la c tu ro n ic  a c id  is o n ic o tin y lh y d ra z o n e  ^  , b o th  o f  which
V(mn)v
has a lso  been r e p o r te d ^ to  have a c t iv i t y  o f  th e  same
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th a t  some o f  them p o ssessed  s im ila r  o r  in c re a s e d  a c t i v i t y  
over th a t  o f  e y a n a c e tic  a c id  h y d ra z id e ^  .
The mode o f  a c t io n  o f I s o n ia z id  a g a in s t  th e  tu b e rc le  
b a c i l l u s  has n o t been ex p la in ed , bu t re c e n t ex p erim en ta l 
work may give a  le ad  which w i l l  e v e n tu a lly  p rov ide t h i s  
in fo rm a tio n . In  v i t r o  t e s t s  a g a in s t th e  tu b e rc le  b a c i l l u s  
w ith  I s o n ia z id  in  th e  p resence o f copper were claim ed to  
enhance th e  a c t i v i t y  o f the  d rug^1^0  ̂ and i t  was suggested  
th a t  th e  tu b e r c u lo s ta t ic  a c t i v i t y  of I s o n ia z id  was due to  
i t s  a b i l i t y  to  form  c h e la te  compounds ^  . I t  was found
th a t  1- 1 son!co  t i n o y l - 1-m ethy lhydrazine showed no a c t i v i t y  
a g a in s t  JVU tu b e r c u lo s is , and s in c e  t h i s  compound cannot form 
a c h e la te  w ith  copper, i t  su p p o rts  th e  view  th a t  c h e la t io n  
i s  an e s s e n t i a l  s te p  i n  th e  a c tio n  of th e  d r u g ^ ^ ^ *  However, 
A lb ert has s in c e  shown^ ^ 5 )  - ^ a t  0f  th e  two isom ers o f i s o -  
n ic o t in ic  ac id  h y d raz id e , n ic o t in ic  ac id  hydrazide has the  
same a f f i n i t y  f o r  m e ta ls  and i s  in a c t iv e  a g a in s t  M. tu b e r ­
c u lo s i s , w h ils t  p ie o l in ic  ac id  hydrazide has a v ery  much 
g re a te r  a f f i n i t y  f o r  m e ta ls  b u t i s  much le s s  a c t iv e  th an  
I s o n ia z id  a g a in s t  th e  tu b e rc le  b a c i l lu s .  He concludes th a t  
some o th e r  f a c to r  a p a r t  from th e  a b i l i t y  to  form c h e la te s  
must be o f  im portance in  th e  fu n c tio n in g  o f I s o n ia z id  as a 
tu b e rc u lo s ta t ic  agent* I t  would appear, th e re fo r e ,  th a t  
p o s i t io n a l  isom erism  in  t h i s  s e r ie s  somehow p lay s  an im p o rtan t 








Although th e  known su b stan ces  most e f f e c t iv e  i n  th e  
tre a tm e n t o f  tu b e rc u lo s is  a re  th o se  a lre a d y  described :, th e  
se a rc h  co n tin u es  f o r  more a c t iv e  y e t l e s s  to x ic  compounds.
The d iv e r s i ty  o f s t r u c tu r e  amongst known a c t iv e  compounds 
p re s e n ts  no common p a t te r n  which m ight le a d  to  th e  d isc o v e ry  
o f more a c t iv e  compounds. C e rta in  o b se rv a tio n s , however, do 
p ro v id e  f r e s h  p o in ts  from which to  a t ta c k  th e  problem . Thus, 
f o r  exam ple, lo n g -ch a in  f a t t y  a c id s  and b a se s  a re  b o th  known 
to  have a marked in h ib i to r y  e f f e c t  on th e  growth o f 
M ycobacterium tu b e r c u lo s i s , and i t  i s  conceivab le  t h a t  t h i s  
a c t i v i t y  i s  bound up w ith  th e  a l l - im p o r ta n t  f a t  m etabolism  
o f th e  organism .
S tan le y , Coleman, G reer, Sacks and Adams 
exam ining a s e r ie s  of lo n g -ch a in  f a t t y  a c id s , showed th a t  th e  
maximum e f f e c t  was produced by th o se  a c id s  c o n ta in in g  16 o r  
17 carbon atom s. They a lso  found th a t  th e  a c t i v i t y  in c re a se d  
as th e  carboxyl group was d isp lace d  tow ards th e  c e n tre  o f th e  
m olecu le , w h ils t  rep lacem ent o f the  carboxyl group by a 
d ialky lam inom ethyl group a lso  produced a c t iv e  compounds. 
K ob inson^^-^  d escrib ed  th e  p re p a ra tio n  o f a b ran ch ed -ch a in  
f a t t y  a c id  which was more a c t iv e  than  th e  s t r a ig h t - c h a in  
compounds of Adams and S tan le y . O ther norm al and b ranched- 
chain  a c id s , in c lu d in g  d e r iv a t iv e s  o f chaulm oogric and
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hydno c a rp i c a c id s ,  have "been examined 167* 168,169)  ̂
found to  e x h ib i t  a c t i v i t y  a g a in s t M. tu b e rc u lo s is  i n  V itro  . 
B a iley  and G a v a l l i to ( ^ 0 )  have shown th a t  com binations o f 
s trep to m y c in  and a l ip h a t i c  a c id s  o f  cha in  le n g th  10 to  18 
carbon atoms a re  more a c t iv e  i n  v i t r o  th an  s trep to m y c in  
a lo n e . On th e  o th e r  hand, Dubos and D a v i s ( ^ I j  and Dubos 
and M id d le b ro o k ^ ^ ^  found th a t  th e  e s te r s  o f c e r t a in  lo n g - 
cha in  f a t t y  a c id s  such as o le ic  ac id  favoured  th e  growth o f 
th e  b a c i l l u s .
fhe n a tu r a l  a c id s  o f th e  tu b e rc le  b a c i l lu s  i t s e l f ,  which 
have been is o la te d  by Anderson and o th e r s ,  have been
shown to  promote tu b e rc le  fo rm atio n , th e  ty p ic a l  le s io n  o f 
the  d is e a s e , i n  ex p erim en ta l an im als. One o f th e se  a c id s , 
p h th io ic  a c id , which e x h ib ite d  t h i s  p ro p e rty  and which was 
o r ig in a l ly  though t to  be sa tu ra te d  because o f i t s  f a i l u r e  to  
r e a c t  w ith  halogens, has s in ce  been shown to  be a m ix tu re  
m ainly o f oC|3 -u n s a tu ra te d  a c i d s ^75? 176) ^
Thd a n t ib a c te r i a l  p ro p e r t ie s  o f a l ip h a t ic  U) -mono- and
d i-am in es , am id ines, g u an id in es , and q u a te rn ary  b ases  were
(  M 7 )f i r s t  examined by F u l l e r v ' in  a s e r ie s  of in  v i t r o  t e s t s  
a g a in s t  a  number o f m icro-organ ism s. As w ith  th e  a l ip h a t ic  
a c id s , a n t ib a c te r i a l  a c t i v i t y  of th ese  bases g e n e ra lly  
in c re a se d  w ith  chain  le n g th  up to  a maximum and th e r e a f t e r  
decreased  w ith  f u r th e r  le n g th en in g  o f th e  ch a in . S im ila r  
t e s t s  were c a r r ie d  ou t by Borrows, H argreaves, Page, Resuggan, 
and R o b in so n ^^8  ̂ on a s e r ie s  of prim ary , secondary , and
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t e r t i a r y  amines c o n ta in in g  between 8 and 30 carbon atom s.
In  a l l  c a se s , th e se  compounds w ith  between 17 and 20 carbon 
atoms in  th e  ch a in  were most a c t iv e  a g a in s t  th e  m icro­
organism s t e s t e d ,  which in c lu d ed  M. tu b e r c u lo s is .
Ames and Bowman( ^ 9 )  pr e pa re a and te s te d  a s e r i e s  o f  
b isd ia lk y lam in o a lk a n e s  (XXIV) a g a in s t  M. tu b e r c u lo s is , and 
th e  compounds (XXIV), in  which n * 16 o r  18; R » CH^, were 
found to  e x h ib i t  c o n s id e ra b le  a c t i v i t y .
(R)2M C H 2)n .H(R) 2
(XXIV)
They a ls o  showed th a t  s im ila r  lo n g -c h a in  s u b s t i tu te d  
p ip e r id in e s ,  a lth o u g h  r a th e r  l e s s  a c t iv e ,  were m u ch .less  
to x ic  th an  th e  co rrespond ing  d ia lk y lam in o a lk an es .
The lo n g -c h a in  a l ip h a t i c  monoamidines (XXV) p repared  by 
Hewbery and W e b s te r^ ® ^  were a lso  found to  p o ssess  a n t i ­
b a c te r ia l  p r o p e r t ie s ,  and some showed marked i n  v i t r o  a c t i v i t y
NH2
Where R4 -  n  a lk y l  and R1 = R2 = R  ̂ » H 
o r  R1 -  R2 * R5 = E4 » a lk y l
(XXV)
a g a in s t M. tu b e r c u lo s is . However, they  were co n sid ered  to  
be too  to x ic  f o r  th e  prolonged a d m in is tra tio n  l i k e ly  to  be
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re  qui red  to  t r e a t  an im als in f e c te d  w ith  tu b e r c u lo s is .
The e f f e c t  o f  in tro d u c in g  a su lphone group in to  th e  
carbon ch a in  o f  a l ip h a t i c  amines was examined by Beak and 
W atkins^18^ .  A s e r ie s  o f compounds (XXVI, CgH ^,
and and (XXVII) were shown to  e x h ib i t  on ly  low
in  v i t r o  a c t i v i t y ,  a lth o u g h  in  many cases  th e  co rresp o n d in g  
su lp h id e s  were ap p re c ia b ly  a c t iv e .  The only  example o f an
( C2H5 ) 2ff. CH2 , CH2 . S02 . R CHjH ( 0H2. OHg. S02 . CqH1 ? ) 2
(XXVI) (XXVII)
(02H5) 2H. CH2 . CH2 . S02 . 0H2 . CH2. ff(C2H5) 2
(XXVIII)
c< ld-bisdi a lk y l  amino a lk y l sulphone examined was th e  sh o r t  
chain  compound (XXVIII) which showed l i t t l e  a c t i v i t y .  In  
v i t r o  a c t i v i t y  a g a in s t  M. tu b e rc u lo s is  and o th e r  b a c te r ia  
has a lso  been re p o r te d  by Nambara^182  ̂ f o r  a number o f  a ry l  
and a r y l - a lk y l  su lphones, in c lu d in g  th e  compounds (XXIX)
(R1 =* CH, o r  OgH5; R2 = CgHjO, 04^ 802, o r  1 - p lp a r ld y l ) .
R^. SOg. CHg•CHg. R2
(XXIX)
In  view of th e  h ig h  tu b e rc u lo s ta t ic  a c t i v i t i e s  which 
have been re p o rte d  f o r  o<60 -b isd ia lk y la m in o a lk a n e s , and o f
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th e  known p o te n t ia t in g  e f f e c t  o f  po lyoxyethy lene  s u b s t i tu e n t s  
i n  th e  a ro m atic  amino s u lp h o n e s ^ ® ^ , i t  was p lanned to  
examine i n  d e t a i l  th e  e f f e c t  o f  in tro d u c in g  th e  sulphone 
group in to  a s e r ie s  o f a l ip h a t i c  m o lecu les . Pour main l i n e s  
o f in v e s t ig a t io n  were envisaged
1. The s y n th e s is  o f a s e r i e s  o f o < a )-b isd ia lk y lam in o a lk y l 
su lp h o n es, i n  which n o t on ly  the  e f f e c t  o f th e  sulphone group 
b u t a ls o  th a t  o f  v a ry in g  ch a in  le n g th  on tu b e r c u lo s ta t ic  
a c t i v i t y  could be s tu d ie d .
2. The exam ination  o f a p a r a l l e l  s e r ie s  o f su lp h id e s  in  
th o se  cases where th e  cho ice o f s y n th e t ic  ro u te  to  th e  
sulphone was th rough  th e se  in te rm e d ia te s .
3. The p re p a ra t io n  and t e s t i n g  o f analogous o<'6d-bis-(1 
p ip e r id y l ) - a lk y l  su lp h id e s  and su lphones, on th e  grounds th a t  
such compounds should be markedly le s s  to x ic  than  t h e i r  b i s ­
d i alkylam ino a lk y l ana logues.
4. The s y n th e s is  o f a s e r ie s  o f  b is - to  -d ia lky lam ino -i3 - 
hydroxyalky l su lp h id e s  and su lphones, w ith  th e  o b je c t  o f 
a s s e s s in g  th e  in f lu e n c e  o f hydroxyl s u b s t i tu e n ts  on th e  
to x ic i ty  o f  such compounds.
The in c lu s io n  o f a study  of th e  in f lu e n c e  o f hydroxyl 
s u b s t i tu e n ts  i n  t h i s  s e r ie s  was f e l t  to  be im p o rta n t, s in c e  
i t  has been shown th a t  th e  in tro d u c t io n  o f th e  hydroxyl group 
in to  th e  m olecule o f arom atic  amino sulphones m arkedly reduces 
th e  to x ic i ty ,  w ith o u t a f f e c t in g  th e  le v e l  o f a c t iv i ty (3 3 » 3 4 )#
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I t  was co n s id e red  th a t  a s e r i e s  o f /0 -hydroxy  su lphones 
would he analogous to  2 : 2*-d ih y d ro x y -4 14 - d i  amino d ip h en y l 
su lphone, i n  r e s p e c t o f th e  r e l a t i v e  p o s i t io n s  o f th e  
hydroxyl and sulphone g roups. M oreover, one ro u te  to  such a  
s e r ie s  o f  compounds, v ia  th e  co rrespond ing  oC(3 -u n s a tu ra te d  
su lphones was p a r t i c u la r ly  a t t r a c t i v e ,  s in c e  many o f th e  
a c id s  which have been i s o la te d  from th e  tu b e rc le  b a c i l l u s  
a re  them selves OC|3 -u n s a tu ra te d . A lthough l i t t l e  i s  known 
o f th e  fu n c tio n  o f th e se  a c id s  in  th e  m etabolism  o f th e  
organism , they  a re  known to  be la rg e ly  re sp o n s ib le  f o r  
tu b e rc le  fo rm a tio n , and i t  was f e l t  th a t  th e  s tudy  o f 
u n sa tu ra te d  su lphones m ight p rov ide a u s e fu l  means o f p ro b in g  
th e  im portance of u n s a tu ra t io n .
The f i r s t  th re e  l in e s  o f in v e s t ig a t io n  were accom plished 
s u c c e s s fu l ly ,  b u t a ttem p ts  to  o b ta in  a ro u te  to  th e  f o u r th  
s e r ie s  o f  compounds were l e s s  su c c e s s fu l , s in c e  on ly  one 
in te rm e d ia te  <X(3 -u n s a tu ra te d  sulphone was o b ta in ed . The 
methods o f s y n th e s is  a re  d iscu ssed  i n  th e  succeeding  p a r ts  
o f t h i s  s e c t io n , and th e  b a c te r io lo g ic a l  r e s u l t s  of the 
compounds t e s te d  a re  shown and analysed fully In the 
appropriate p a r t  o f  th e  th e s i s .
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B I3 DI AIiKYLAMI NO AL KTL STOPHOHES
Although numerous methods f o r  th e  s y n th e s is  o f  su lphones 
have heen re p o rte d  from tim e to  t im e (184’ 185' 186’ 187’ 188’ 189\
th e  ro u te  most g e n e ra lly  adopted i s  th e  c l a s s i c a l  one v ia  the 
co rresp o n d in g  s u lp h id e s . Exam ination o f a number o f  exam ples 
o f  th e  condensa tion  o f a lk y l  h a l id e s  to  y ie ld  su lp h id e s , 
showed th a t  y ie ld s  i n  th e se  r e a c t io n s  a re  o f te n  on ly  o f  th e  
o rd e r  o f 50$ o r  l e s s .  lo s s e s  o f t h i s  o rd e r , a f t e r  th e  
p re p a ra t io n  o f in te rm e d ia te s , which q u ite  p o ss ib ly  in v o lv e  
s e v e ra l  s ta g e s , a re  s e r io u s ,  and i t  was th e re fo re  decided to  
examine th e  p o s s i b i l i t y  o f d e v is in g  a method which would 
a llow  th e  fo rm atio n  of t h i s  l in k  a t  an e a r l i e r  s ta g e  i n  th e  
r e a c t io n  sequence. A s y n th e s is  based on th e  use o f d ie th y l  
m alonate appeared to  o f f e r  th e  p o s s i b i l i t y  o f a c h iev in g  t h i s  
end.
R eac tions w ith  d ie th y l  m alonate .
JTaik, D esai, and P arekh^^O ) have d escrib ed  re a c t io n s  
between th io n y l ch lo rid e  and v a r io u s  a c t iv e  m ethylene 
d e r iv a t iv e s  to  y ie ld  su lp h o x id es . Of p a r t i c u la r  i n t e r e s t  
from th e  p o in t o f view o f th e  p re se n t work, were th e  r e a c t io n s  
between th io n y l c h lo rid e  and m alon-dim ethylam ide and malon- 
d ie thy lam ide  to  y ie ld  th e  su lphox ides (XXX, R = CĤ  o r 
(R .M .C 0 )2CH.S0.CH(C0.ra.R) 2
(XXX)
S im ila r ly  i n  th e  a ro m atic  s e r i e s ,  Sugasawa and S a k a r a l ^ ^  
p rep a red  4 i 4 '-d iace tam idod ix )heny l su lphox ide  ( XXI X)  from 
a c e ta n ilid ©  and th io n y l ch lo rid e*
Qi^COIB- ^ ^ ~ s 0 ~\  / /  FHC0CH3
(XXXI)
A s e r ie s  o f  r e a c t io n s  a s  in d ic a te d  below was th e r e fo r e  
en v isag ed , i n  which th e  f i r s t  s te p  was th e  condensa tion  o f 
d le th y lm a lo n a te  (XXXII, R » H) o r  o f a  s u b s t i tu te d  d ie th y l -  
a a lo n a te  (XXXII, R » a lk y l)  w ith  th io n y l ch lo rid e*
R.CHfCOgOgHr.^ S0C12 , K. 0. SO. C. 8 (COgCgH^) ^
(XXXII) (XXHII)
h y d ro ly s is  and 
d e c a rb o x y la tio n
R.CHg.SO.CHg.B
H eaction  o f ethoxym agnesiom alonle e s t e r ,  p rep ared  by th e  
method o f B o w m a n ^ ^ , w ith  th io n y l c h lo r id e  under v a ry in g  
co n d itio n s  gave th e  expected b isd ie th o x y carb o n y lm eth y l 
oulphoxide (XXXIII, R * H). I n i t i a l l y  th io n y l  c h lo r id e  i n  
s o lu t io n  i n  benzene was added to  th e  ethoxym agnesiom alonlc 
e s t e r ,  b u t i n  subsequent experim ents i t  was found th a t  
improved y i e ld s ,  and sm a lle r  q u a n t i t i e s  o f by -p roduc t were 
ob ta ined  by re v e r s in g  the method o f a d d i t io n .  When th e
r e a c t io n  was com plete, ex cess d ie th y l  m alonate was removed 
by d i s t i l l a t i o n  under reduced p re s s u re , w h ils t  th e  b u lk  o f 
th e  t e t r a e th y l  e th a n e te tra e a rb o x y la te ,  formed as  a b y -p ro d u c t 
i n  th e  r e a c t io n ,  c r y s ta l l i s e d  a f t e r  a few days, and was 
removed by f i l t r a t i o n *  The p roduct o ccu rred  as a y e llo w - 
i s h - to  redd ish-brow n o i l ,  w ith  a s l i g h t  green  f lu o re s c e n c e , 
so lu b le  i n  most o rg an ic  s o lv e n ts ,  sp a r in g ly  so lu b le  i n  
l i g h t  petro leum , and in s o lu b le  in  w ate r. I t  was found to  
be so lu b le  in  a l k a l i  hydroxide s o lu t io n s ,  due to  h y d ro ly s is  
and fo rm atio n  o f th e  co rrespond ing  s a l t s .
At t h i s  s ta g e , the  r e f r a c t iv e  index  o f th e  p ro d u c t, 
due to  th e  p resence o f im p u rity , c h ie f ly  t e t r a e th y l  e th an e-  
te t r a c a rb o x y la te ,  was always in  th e  re g io n  o f 1 .46 . This 
im p u rity  was d i f f i c u l t  to  remove com plete ly , as  i t s  
s o lu b i l i ty  was s im ila r  to  th a t  of th e  re q u ire d  p roduct in  
a l l  so lv e n ts  te s te d .
A ttem pts to  p u r ify  th e  su lphoxide by d i s t i l l a t i o n  under 
reduced p re ssu re  u s in g  normal methods were u n su c c e s s fu l. Bath 
tem p era tu res  of over 190°Ch were re q u ired  and decom position 
occu rred  r a p id ly ,  as shown by darken ing  of th e  compound, and 
th e  accompanying d i s t i l l a t i o n  o f d ie th y l m alonate . Chromato­
g rap h ic  s e p a ra tio n  o f b isd ie th o x y carb o n y lm eth y l su lphoxide 
from i t s  im p u r i t ie s  was a ttem pted  by p ass in g  a benzene so lu ­
t io n  th rough  a column of Whatmanf s c e l lu lo s e  p u lp , b u t th e  
r e f r a c t iv e  index  o f the  recovered  m a te r ia l  was p r a c t i c a l ly  
unchanged. Pure sam ples were f i n a l l y  o b ta in ed  by m o lecu lar
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d i s t i l l a t i o n  under high-vacuum , a lth o u g h  d i s t i l l a t i o n  |
proceeded on ly  v ery  s lo w ly . In  t h i s  way d ie th y l  m alonate j
came o ver f i r s t  a t  90 -95°C ., fo llow ed  by t e t r a e th y l  e th an e -  !
te t r a c a rb o x y la te ,  w h ils t  a t  te m p era tu res  o f 100°C. ( in c re a s in g
I
to  115°G. as th e  le v e l  o f  th e  l iq u id  f e l l  i n  th e  d i s t i l l a t i o n
f la s k )  a p a le  s traw -co lo u red  l iq u id  d i s t i l l e d ,  darken ing
s l i g h t ly  as th e  tem p era tu re  was r a is e d .  R e d i s t i l l a t i o n  gave
13*5a l iq u id  o f  r e f r a c t iv e  in d ex , n^ # 1. 4630, i n  sm all y ie ld ,
which was shown by a n a ly s is  to  be reaso n ab ly  pure b isd ie th o x y -  
carbonylm ethyl su lp h o x id e .
A f i n a l  a ttem p t to  speed t h i s  p ro cess  by s t e a m - d l s t i l l a -  
t l o n  showed th a t  s e p a ra tio n  o f th e  su lphoxide from i t s  |
im p u r i t ie s  could n o t be e f fe c te d  by t h i s  means.
A ttem pts to  c h a ra c te r i s e  b isd ie th o x y carb o n y lm eth y l
MM MUM aaamr* «m mam mmm aamm mmm mam mmm mam mmm mmm mmm mam amm mama m aam  aaam maam mrnm mam mam mm Hmi
£U lphoxide.
In  view o f th e  d i f f i c u l t y  which had been experienced  in  
o b ta in in g  pure sam ples o f th e  re q u ire d  su lp h o x id e , i t  was 
co nsidered  d e s ira b le  to  c h a ra c te r is e  the  product f u r th e r ,  i f  
p o s s ib le  by th e  p re p a ra tio n  o f c r y s t a l l i n e  d e r iv a t iv e s .
Most o f  th e se  experim ents were u n su c c e s s fu l, th e  on ly  p ro d u c ts  
which were o b ta in ed  being  l iq u id s  of u n c e r ta in  com position .
These experim ents a re  now b r i e f ly  d e sc r ib e d .
An a ttem p t to  form a c r y s ta l l i n e  d ie th y lam id e  by 
re f lu x in g  w ith  d ie thy lam ine  was a b o r tiv e  and th e  s t a r t i n g
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e s te r  was reco v e red . The p re p a ra t io n  o f th e  S S -d ia lk y l-  
N -to3.uene-j>-sulphonyl su lp h i dim ine hy co n d en sa tio n  w ith  
£ - to luenesu lphonam ide in  a c e t i c  anhydride fo llo w in g  th e  
method o f  T a rb e ll  and Weaver^ 9 5 )  was s im i la r ly  u n s u c c e s s fu l , 
th e  on ly  p ro d u c ts  b e in g  N - a c e t y l t o l u e n e  sulphonam ide and 
unchanged su lp h o x id e . N e ith e r  could th e  r e a c t io n  be induced 
u s in g  phosphorus p e n ta c h lo r id e  in  ch loroform , o r  aluminium 
c h lo r id e  i n  benzene as d eh y d ra tin g  a g e n ts . This la c k  o f 
r e a c t iv i t y  p ro v id es  a f u r th e r  example o f a h e a v ily  s u b s t i tu te d  
su lphox ide  f a i l i n g  to  form a su lp h id im in e . Thus, Mann and 
P o p e ^ ^ ^  were unab le  to  p rep are  su lp h i d im ines from d e r iv a ­
t iv e s  o f  d ie th y l  su lp h id e  co n ta in in g  more th a n  two c h lo r in e  
atom s, w h ils t  T a rb e ll  and W eaver^95) were s im ila r ly  unab le  
to  condense b i s - 2-h y d ro x y e th y l su lphoxide w ith  to lu e n e -£ -  
sulphonam ide»
H ydro lysis o f b isd ie th o x y carb o n y lm eth y l su lphox ide to  
th io n y ld ia e e t ic  a c id  (biscarboxym ethyl su lp h o x id e , XXXIV)
hooc.ch2s o .c h 2cooh
(XXXIV)
was only  p a r t i a l l y  su c c e s s fu l d e s p ite  numerous m o d if ic a tio n s  
o f th e  experim en ta l te ch n iq u e . S a p o n if ic a tio n  w ith  b o th  
aqueous and e th a n o lic  potassium  hydrox ide, fo llow ed  by 
a c id i f i c a t io n  and d ec a rb o x y la tio n , was n o t p r o f i t a b le ,  th e  
d i f f i c u l t y  being  to  se p a ra te  th e  w a te r-so lu b le  p roduct from 
the  s a l t s  formed in  th e  r e a c t io n s .  E th a n o lic  h y d ro c h lo ric
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ac id  f a i l e d  to  b r in g  about h y d ro ly s is , bu t r© flu x in g  w ith  
co n cen tra ted  h y d ro c h lo r ic  a c id  gave th e  expected  b isc a rb o x y - 
m ethyl su lp h o x id e . The l a t t e r  f a i l e d  to  undergo f u r th e r  
d e c a rb o x y la tio n  to  d im ethy l su lphoxide when h ea ted  above 
i t s  m e ltin g -p o in t.
O x id a tio n  o f b isd ie th o x y carb o n y lm eth y l su lphoxide 
fo llow ed  by tre a tm e n t w ith  co n cen tra ted  h y d ro c h lo r ic  a c id  
f a i l e d  to  y ie ld  th e  expected  b iscarboxym ethy l su lphone. 
Because o f th e  f a i l u r e s  w ith  th e se  r e a c t io n s ,  and th e  low 
y ie ld s  o f b isd ie th o x y carb o n y lm eth y l su lp h o x id e , f u r th e r  work 
on t h i s  ro u te  appeared  to  be u n p ro f i ta b le ,  and a t t e n t io n  was 
tu rn ed  to  a l t e r n a t iv e  methods of o b ta in in g  th e  re q u ire d  
compounds.
The p re p a ra t io n  o f b is -V d ie th y la m in o p ro p y l su lp h o n e .
In  c o n s id e rin g  p o s s ib le  methods f o r  th e  s y n th e s is  of 
b i s - 3-d ie th y lam in o p ro p y l sulphone i t  was f e l t  t h a t  methods 
in v o lv in g  th e  d i r e c t  condensation  o f d ie thy lam inopropy l 
c h lo rid e  w ith  sodium su lp h id e  should be avoided . S lo t ta  
and B eh n isch ^ 9 5 ) shown th a t  d ie thy lam ino  b u ty l c h lo rid e
r e a d i ly  q u a te m is e s  to  1 : 1-d im ethy lpy rro lideum  c h lo r id e , and 
1-dim ethylam ino~2-ch lo ro p ro p an e  i s  a lso  known to  form 
ethyleneim inium  compounds ^  96) # p o s s i b i l i t y  of a
s im ila r  c y c l is a t io n  w ith  3~ diethy lam inopropyl c h lo r id e  under 
the  c o n d itio n s  n ecessa ry  f o r  su lph ide  fo rm atio n  in f lu e n c e d  th e  
choice i n  fav o u r o f th e  fo llo w in g  ro u te , which was adopted .
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oxidatlon
OHgt CH. CHg. S. OHg. CHiCHg » 0H2 iCH.CH2.S 02 .0H2 .0H«0H2
( O ^ ) ^
Br.GHg.CH2 .CH2 .SO2 .CH2 .CH2 .OH2 . Br
(XXXV)
( C2H5 ) 2BT - CH2 • 0H2 . 0H2 . S 0 2 . 0H2 . OHg. ch2 . N ( 0 2 H5 ) 2
(XXXVI)
I t  was su b seq u en tly  shown a t  a  l a t e r  d a te  th a t  
3~ d ie thy lam inopropy l c h lo r id e  can he condensed w ith  sodium 
su lp h id e  q u ite  r e a d i ly  to  y ie ld  h i s - 3-<*iethylam inopropyl 
su lp h id e , and th a t  th e  co rrespond ing  sulphone could  he 
o b ta in ed  from th e  l a t t e r  by o x id a tio n .
The a d d i t io n  o f hydrogen bromide to  d i a l l y l  sulphone in  
th e  p resence o f benzoyl perox ide  was expected  to  produce th e  
re q u ire d  in te rm e d ia te  compound, b is-^ -k rom opropy l sulphone 
(XXXV), th e  normal a d d i t io n  of h a lid e  based on th e  Markowni- 
k o f f  r u le  be ing  re v e rse d  xrnder th e  combined in f lu e n c e  o f th e  
perox ide and th e  p o la r i ty  o f th e  sulphone group.
Follow ing th e  method d escrib ed  f o r  th e  p re p a ra t io n  of 
m ethyl B-brom opropionate in  Organic Syntheses ^  , d i a l l y l
sulphone was t r e a te d  w ith  hydrogen bromide in  ic e - c o ld  e th e r ­
e a l  s o lu t io n . P r a c t ic a l ly  no in c re a se  in  w eight occu rred  
under th e se  c o n d itio n s . S im ila r ly , u s in g  carbon t e t r a ­
c h lo rid e  as so lv e n t th e re  was l i t t l e  in c re a s e  in  w eight a f t e r
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t r e a t i n g  th e  s o lu t io n  a t  room tem p era tu re  w ith  hydrogen 
bromide f o r  26 h o u rs . R eac tion  o f d i a l l y l  sulphone w ith  
c o n s ta n t-b o i l in g  hydrobrom ie ae id  under r e f lu x  f o r  3*5 h o u rs , 
fo llo w ed  by n e u t r a l i s a t io n  o f  th e  ac id  and e x t r a c t io n  w ith  
ch lo roform , was eq u a lly  u n su c cess fu l
E xperim ents i n  which carbon te t r a c h lo r id e  s o lu t io n s  o f 
d i a l l y l  sulphone were re f lu x e d  f o r  v a ry in g  p e r io d s , w hile  
hydrogen bromide was passed in ,  were more s u c c e s s fu l .  A fte r  
rem oval o f th e  so lv e n t a reddish-brow n ta r r y  l iq u id  was 
o b ta in ed , from which a l iq u id  f r a c t io n  was o b ta in ed  a f t e r  
e x t r a c t io n  w ith  benzene, e th e r ,a n d  a lc o h o l. F u r th e r  a d d i t io n  
o f  hydrogen bromide to  t h i s  e x t r a c t  i n  carbon t e t r a c h lo r id e ,  
y ie ld e d , on removal o f s o lv e n t, a reddish-brow n s o l id ,  which, 
a f t e r  chrom atography i n  benzene on a column o f mixed a c t iv a te d  
ch a rc o a l and powdered c e l lu lo s e ,  gave c r y s ta l l i n e  m a te r ia l .  
F u rth e r  chrom atography of t h i s  m a te r ia l  i n  benzene on a 
column of alum ina, fo llow ed by rep ea ted  r e c r y s t a l l i s a t i o n  o f 
th e  f r a c t io n s  from e th e r  y ie ld e d , in  one experim ent, c r y s ta ls  
m e ltin g  a t  1 0 2 .5°C. in  v ery  sm all y ie ld ,  and la r g e r  amounts 
o f c r y s ta ls  m e ltin g  a t  72-74°C. From o th e r  experim ents a 
th i r d  c r y s t a l l i n e  su b stan ce , m e ltin g  a t  85~86°C. was ob ta in ed  
in  a d d it io n  to  th a t  m e ltin g  a t  72-74°C. A nalyses showed th a t  
th e  sample m e ltin g  a t  85-86°C. was th e  req u ired  b is-3 -b rom o- 
p ropy l su lphone, and th a t  th e  o th e r  two compounds were mono- 
bromo compounds. The compound, m.p. 72~74°C.,was converted  
to  a m ono-diethylam inopropyl propenyl sulphone by r e a c t io n
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w it h d ie th y lam in e .
B is-3-brom opropyl sulphone was f i n a l l y  o b ta in e d  i n  
im proved and c o n s is te n t  y ie ld s  by a  m o d if ic a tio n  o f  th e  
r e a c t io n ,  i n  which hydrogen bromide was passed  in to  th e  so lu ­
t io n  o f d i a l l y l  sulphone i n  carbon te t r a c h lo r id e  co n tin u eu u ly  
f o r  20 h o u rs , th e  r e a c t io n  m ix tu re  being  r a is e d  to  b o i l in g  
p o in t i n i t i a l l y  and p e r io d ic a l ly  every th re e  h o u rs . U sing 
t h i s  method of adding  hydrogen brom ide, a sample o f monobromo 
compound, m .p. 72 -74°C ., was a lso  p a r t i a l l y  converted  to  b i s -  
3-brom opropyl su lphone, in d ic a t in g  th a t  i t  must be 3-krom o- 
p ropyl p ro p -2 '-e n y l sulphone (XXXVII). The co rrespond ing
d ie thy lam ino  d e r iv a t iv e  d escrib ed  above i s  on t h i s  b a s is  
3 -d ie th y lam in o p ro p y l p ro p -2 '-e n y l sulphone (XXXVIII) .  The
l r  CHgCHgCHgSOgCHgCHsCHg (C^H^) N.CHgOHgCHgSOgCHgCHtCHg
(XXXVII) (XXXVIII)
CH5 . CHBrCHgSOgCHgOHtOHg 
(XXXIX)
o th e r  u n sa tu ra te d  monobromo compound, m .p. 102 .5°C ., i s  
assumed to  be 2 bromopropyl p ro p -2 '-e n y l sulphone (XXXIX).
B is-3 -d ie th y lam in o p ro p y l sulphone (XXXVI) was r e a d i ly  
p repared  by th e  r e a c t io n  of b i s - 3-brom opropyl sulphone w ith  
d ie th y la m in e . The crude base was n o t i s o l a te d ,  b u t converted  
d i r e c t ly  in to  th e  c r y s ta l l in e  d ih y d ro c h lo rid e , which was 
re a d i ly  o b ta in ed  in  a h igh  s ta te  o f p u r i ty .  A pure sample
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o f b i  s - 3-d ie th y lam in o p ro p y l sulphone was su b seq u en tly  
p rep ared  by th e  a l t e r n a t iv e  ro u te  a lre a d y  m entioned ( p .38) .  
fh e  p re p a ra t io n  i s  d e sc rib ed  in  d e t a i l  i n  th e  n e x t s e c t io n .
The p re p a ra t io n  o f lo n g -o h a in  b i sd i alley 1 ami no a lk y l  su lp h id e s  
and su lp h o n es .
The method d esc rib ed  in  th e  p rev io u s  s e c t io n  f o r  th e  
p re p a ra t io n  o f b i s - 3-d ie th y lam in o p ro p y l sulphone was adopted 
to  avo id  th e  p o s s i b i l i t y  of se lf-equate  m i  s a t  io n  o f 3-d ie th y l-  
amino p ropy l c h lo r id e  i n  th e  a l t e r n a t iv e  more g en e ra l ro u te  
v ia  b is-3 ~ d ie th y lam in o p ro p y l su lp h id e . In  th e  s y n th e s is  o f 
lo n g e r  cha in  compounds o f th e  g en era l type (XL), where
(C2H5) 2H(CH2)nS02 (CH2 )nH(02H5) 2
(XL)
n  * 6 and 10, t h i s  d i f f i c u l t y  no lo n g e r  api>lied. A g en e ra l 
method o f s y n th e s is  was th e re fo re  u sed , based on th e  method 
d escrib ed  by Andrews, B e rg e l, and M orrison^^® ^ f o r  th e  
p re p a ra t io n  of analogous c c D  -trim ethylalkylam m onium  
s u lp h id e s , as  o u tlin e d  below.
S0C12 (CgH^glTH
c2h5ooc(ch2) 4c o o h  > c2h5ooc(ch2) 4coci ------------------ >
( m )  ( m i )
LiAlH4  1 . SOClg
CgHj-00C ( CHg) 4 C0IT( CgHc;) g ^ (C2 H5 ) 2 ®̂* (  ̂6 ^® It*  SaOH ^




( 02h5 ) 2H (CH2) 6S° 2 ( Oh2 ) gif (C2H5 ) 2 
(XIYII)
E th y l hydrogen a d ip a te  (XLI) was p repared  In  27.9  p e r  
c e n t y ie ld  from a d ip ic  a c id  and d ie th y l  a d ip a te  by th e  method 
d esc rib ed  in  O rganic S y n th ese s^ 9 9 )  g 0T  p re p a ra t io n  o f 
e th y l  hydrogen se b aea te . A y ie ld  o f  71-75 p er cen t was 
re p o r te d  f o r  th e  l a t t e r  compound. D ibu ty l e th e r  was om itted
in  th e  p re p a ra t io n  o f e th y l hydrogen a d ip a te , b u t a subsequent 
p re p a ra t io n  u s in g  d ib u ty l e th e r  f a i l e d  to  in c re a s e  th e  y ie ld .  
I t  was found more convenien t to  s e p a ra te  th e  mixed d i s t i l l a t e  
o f  d ie th y l  a d ip a te  and e th y l hydrogen a d ip a te  by e x t r a c t io n  
o f th e  l a t t e r  compound w ith  aqueous a l k a l i ,  fo llow ed  by 
a c id i f i c a t io n  and e x tra c t io n  w ith  o rg an ic  so lv e n t, r a th e r  than 
to  se p a ra te  th e  two e s te r s  by f r a c t io n a l  d i s t i l l a t i o n .
E th y l hydrogen a d ip a te  was converted  to  e th y l ad ip y l 
c h lo rid e  (XLII) by r e f lu x in g  w ith  excess th io n y l  c h lo r id e . 
A fte r  rem oval o f excess re a g e n t, th e  e th y l ad ip y l c h lo r id e , 
w ithou t f u r th e r  p u r i f i c a t io n ,  was condensed w ith  d ie thy lam ine  
to  g ive e th y l R R -d ie thy lad ipam ate  (X L III). R eduction  o f th e  
l a t t e r  w ith  l i th iu m  aluminium hydride in  e th e r  gave 
6-hyclroxyhexyldiethylam ine (X1IV) in  good y ie ld .
2Ta2S
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6-H ydroxyhexyld iethy lam ine i n  benzene s o lu t io n  was 
converted  in to  6-ch lo ro h ex y ld ie th y lam in e  h y d ro ch lo rid e  by th e  
slow  a d d i tio n  o f  th io n y l c h lo r id e . I t  was found th a t  th e  
p resence  o f so lv e n t was e s s e n t i a l  s in c e  d i r e c t  r e a c t io n  was 
so v ig o ro u s  th a t  c h a rr in g  o ccu rred . A fte r  removal o f benzene 
and excess th io n y l c h lo r id e , th e  h y d ro ch lo rid e  was converted  
to  th e  f r e e  base  (XIiV) by t r e a t in g  i t  w ith  cold  aqueous 
sodium hydroxide s o lu t io n . E x tra c t io n  w ith  e th e r  gave th e  
crude base which was v e ry  dark i n  c o lo u r, and d i s t i l l a t i o n  
gave pure 6-e h lo ro h e x y ld ie th y la m in e .
6-C h lo ro h ex y ld ie th y lam in e  was converted  to  b i s - 6-  
d ie thy lam inohexy l su lp h id e  (.XLTI) by re f lu x in g  w ith  sodium 
su lp h id e  in  aqueous e th a n o lic  s o lu t io n . The produo t was 
r e a d i ly  i s o l a t e d ,  a f t e r  d i s t i l l i n g  o f f  most o f th e  e th a n o l, 
by e x t r a c t io n  w ith  e th e r ,  and, a f t e r  p u r i f i c a t io n  by d i s t i l l a ­
t i o n ,  was o x id ised  w ith  potassium  perm anganate in  50$ a c e t ic  
a c id  to  b i s - 6-d ie th y lam in o h ex y l sulphone (XLV3JI).
The d ih y d ro ch lo rid e s  o f the  su lp h id e  and sulphone were 
o b ta in ed  by d is s o lv in g  th e  re s p e c tiv e  b ases  i n  d i lu t e  hydro­
c h lo r ic  a c id , ev ap o ra tin g  to  dryness under reduced p re s su re , 
t r e a t i n g  w ith  ch arco a l as n ec e ssa ry , and r e c r y s t a l l i s i n g  to  
co n s ta n t m e ltin g -p o in t from e th a n o l-e th e r .
The co rrespond ing  p ip e r id y l  d e r iv a t iv e s ,  b i s - 6-(1  
p ip e r id y l) -h e x y l  su lp h id e  (XL1/TII) and b i s - 6- ( 1 '- p ip e r id y l ) -  
hexyl sulphone (XLIX) were ob ta in ed  by t r e a t in g  e th y l  a d ip y l 
c h lo rid e  w ith  p ip e r id in e , and fo llo w in g  th e  subsequent s ta g e s
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o f th e  s y n th e s is  d e sc rib e d  above. The s u lp h id e , which was
a  l iq u id ,  was p u r i f ie d  by d i s t i l l a t i o n ,  and th e  sulphone 
by r e c r y s t a l l i s a t i o n  from e th e r - l i g h t  petro leum . The 
co rresp o n d in g  d ih y d ro ch lo rid e s  were p repared  and p u r i f ie d  
i n  th e  u su a l way.
M s -1 0 -d ie t  hylam inodecyl su lp h id e  ( I )  and sulphone 
(III) , and b i s - 10- ( 1 '-p ip e r id y l)~ d e e y l  su lp h id e  ( i l l )  and 
sulphone (I<IIX) were o b ta in ed  in  an analogous manner from
(XLYIII) (XIIX)
(c2h5) 2 .h (c h 2) 10. s . ( c h 2) 10.n ( c 2h5) 2
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e th y l  hydrogen se b a c a te . B is-1 0 -d ie th y lam in o d ecy l su lp h id e ,
o b ta in ed  as a c o lo u r le s s  o i l ,  was p u r i f ie d  by d i s t i l l a t i o n .
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B is-  1 0 -d ie t hylam inodecyl sulphone and b is -1 0 -  (1 ' - p i p e r i d y l ) -  
decy l su lp h id e  were b o th  low -m elting  s o l id s  which could  n o t 
be p u r i f ie d  by r e c r y s t a l l i s a t i o n .  B is -1 0 - (1 '- p i p e r i d y l ) -  
decy l su lphone, on th e  o th e r  hand, was r e a d i ly  o b ta in ed  in  
a  h igh  s t a t e  o f p u r i ty  by r e c r y s t a l l i s a t i o n  from e th e r .  
C ry s ta l l in e  d ih y d ro c h lo r id e s  were e a s i ly  p repared  from a l l  
th e se  compounds.
I t  was shown th a t  th e  same g en e ra l method was 
a p p lic a b le  to  th e  sy n th e s is  of b is-3 ~ d ie th y lam in o p ro p y l 
su lp h id e  and th a t  c y c l i s a t io n  o f th e  in te rm e d ia te  3 - d ie th y l -  
am inopropyl c h lo r id e  does n o t occur. Form ation o f  th e  
co rresp o n d in g  su lphone, b is -3 -d ie th y la m in o p ro p y l sulphone 
(XXXVT) by t h i s  ro u te  provided proof th a t  a d d i t io n  o f 
hydrogen bromide to  d i a l l y l  sulphone under th e  c o n d itio n s  
a lre a d y  d esc rib ed  d id  i n  f a c t  g ive b is-3 -b rom opropy l su lphone, 
and n o t th e  a l t e r n a t iv e  b is-2 -brom opropyl su lphone.
B th y l-B -d ie th y lam in o p ro p io n a te , p repared  by th e  method 
of Adamson(200) £rom a i ethyfam ine and e th y l a c r y la te ,  was 
converted  by a s e r ie s  o f r e a c t io n s  analogous to  th o se  
d e sc rib ed  above to  b is-3 ~ d ie th y lam in o p ro p y l su lp h id e  and 
b i s - 3-d ie th y lam in o p ro p y l su lphone. The l a t t e r ,  as  th e
d ih y d ro c h lo r id e , was id e n t i c a l  in  every re s p e c t (m.p. and 
mixed m. p. )  w ith  th e  d ih y d ro ch lo rid e  o f b is -3 “ ^l® thy1amino- 
p ro p y l sulphone o b ta in ed  by th e  ro u te  from d i a l l y l  su lphone.
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oa3 -  UHSATURATSI) SULPHONBS.
E xperim ents w ith  l i th iu m  a lk e n y ls .
The p re p a ra t io n  o f su lp h o x id es , which a re  them selves 
r e a d i ly  o x id ised  to  th e  co rrespond ing  su lphones, hy th e  
r e a c t io n  of G rignard re a g e n ts  has been re p o r te d  on a  number 
o f o c c a s io n s . Sulphoxides have been formed i n  t h i s  way by 
r e a c t io n  w ith  th io n y l c h lo r id e ^ 201*202>20^ ) , a lso  w ith  a lk y l  
s u lp h i te s  and th io n y l  e h l o r i d e  ^ 4 )   ̂ E. A. Braude and h is  
c o l la b o ra to r s  have d e sc rib ed  in  re c e n t y e a rs  a number o f  
co n d en sa tio n s u s in g  a lk -1 ~ en y l l i th iu m  d e r iv a t iv e s ( ^ 4 ,  205, 
206,207*208,209}210) as in te rm e d ia te s  i n  th e  p re p a ra t io n  o f
unssaturated  compounds. I t  was dec ided , th e re fo r e ,  to






e th y l  s u lp h i te  as a model f o r  a g en e ra l ro u te  f o r  th e  forma­
t io n  o f h i s -  o(|3 -u n s a tu ra te d  su lp h o x id es .
iso B u ten y l brom ide, p repared  from t e r t i a r y  b u ty l  a lco h o l 
by th e  method o f Braude and Timmons^20^  was converted  in to  
iso b u te n y l l i th iu m  by re a c t io n  w ith  li th iu m  m eta l in  dry 
e th e r  under n i tro g e n . The conversion  to  iso b u te n y l l i th iu m , 
as determ ined by decomposing an a l iq u o t  p o r tio n  w ith  w ater
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and t i t r a t i n g  w ith  s tan d a rd  a c id , was found to  be i n  th e  
re g io n  o f 70$ o f th e  th e o r e t i c a l  y ie ld .  An a tte m p t to  
in c re a s e  th e  y ie ld  o f  l i th iu m  a lk en y l by th e  nee o f  l i th iu m  
s a n d ^ ^  was u n su c c e s s fu l .
In  th e  a ttem p ted  p re p a ra t io n  o f d i iso b u te n y l su lphox ide  
( V f ) t  e th y l  s u lp h i te  was slow ly  run  in to  a co ld  s t i r r e d
OH,






s o lu t io n  o f  iso b u te n y l l i th iu m  in  an atm osphere o f n i tro g e n . 
Decom position o f th e  r e a c t io n  m ix ture  by means o f co ld  
s a tu ra te d  ammonium c h lo r id e , fo llow ed by e th e r  e x t r a c t io n ,  
y ie ld e d  a  reddish-brow n l iq u id  in  poor y ie ld .  In  a re p e a t 
experim en t, th e  m ix tu re  was re f lu x e d  f o r  1 .5  hours a f t e r  th e  
a d d i t io n  o f  e th y l s u lp h i te  was com plete. E x tra c tio n  as above 
gave th e  same poor y ie ld  o f l iq u id  p ro d u c t, i n s u f f i c i e n t  f o r  
ch a ra o t e r i  s a t i  on.
In  o rd e r  to  determ ine w hether o r  n o t th e  f a i l u r e  o f  th e  
r e a c t io n  la y  in  th e  u se  o f an a lk en y l l i th iu m  d e r iv a t iv e ,  a 
f u r th e r  experim ent was c a rr ie d  ou t in  an a ttem p t to  p repare  
d i-n -b u ty l  su lphoxide from n -b u ty ll i th iu m . R eaction  o f 
n~ b u ty l 1 i  t  h i uni, p repared  from n -b u ty l brom ide, w ith  e th y l 
s u lp h i te  i n  th e  cold  and e x tra c t io n  as above y ie ld ed  a  go lden- 
yellow  l iq u id  i n  very  poor y ie ld .  This showed some s ig n s  of
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cry  s t a l l !  s in g  a f t e r  s ta n d in g  f o r  s e v e ra l days i n  a  vacuum 
d e s ic c a to r ,  and was p robab ly  th e  re q u ire d  su lp h o x id e , b u t 
s in c e  th e  y ie ld s  were so poor, t h i s  method o f s y n th e s is in g  
th e  re q u ire d  compounds was n o t in v e s t ig a te d  f u r th e r .
B rom ination o f s a tu ra te d  su lp h o n es ,
B rom ination o f f a t t y  a c id s  in  th e  p resence o f red  phos­
phorus (H e ll-V o lh ard -Z e lin sk y  method) g iv es  th e  co rresp o n d in g  
<X  -bromo a c id s ^ 212^. fhe a p p l ic a t io n  of a s im i la r  r e a c t io n  
to  s a tu ra te d  su lphones would be expected  to  y ie ld  C»C<X-di- 
bromo su lphones, which by dehydrobrom ination  would le a d  to  
th e  co rrespond ing  b i s -  oCj3 -u n s a tu ra te d  su lphones.
fhe b rom ination  of d i-n -b u ty l  sulphone w ith  red  phos­
phorus and bromine was examined under s im ila r  c o n d itio n s  to  
th o se  used  i n  th e  p re p a ra t io n  of <X - b rom oisobu ty ry l bromide 
A fte r  r e f lu x in g  th e  sulphone in  carbon te t r a c h lo r id e  
s o lu t io n  f o r  s ix  hours w ith  bromine and red phosphorus, and 
subsequent e x t r a c t io n ,  th e  bu lk  o f th e  unchanged d i-n -b u ty l  
sulphone was recovered . I t  would appear th a t  th e  p re p a ra tio n  
o f  o (  -bromo sulphones oannot be e f fe c te d  by t h i s  method.
B is -5 -d ie th y lam inoprop-1- eny l su lphone.
With th e  f a i l u r e  o f th e  above a ttem p t to  f in d  a g e n e ra l 
method f o r  th e  p re p a ra t io n  of o <(3 -u n s a tu ra te d  su lphones, 
a t te n t io n  was tu rn ed  to  th e  s y n th e s is  of b is -3 -d ie th y la m ln o -  
p ro p -1 -en y l sulphone f o r  which a s p e c if ic  ro u te  appeared to
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be a v a ila b le  from d i a l l y l  su lphone. The method adopted  was 
based on th e  p re p a ra t io n  by B o t h s te in ^ 1^  of benzy l 3~^>romo- 
p ro p -1 -en y l sulphone from benzyl a l l y l  sulphone by su c ce ss iv e  
b rom ination  and dehydrobrom ination .
The r e a c t io n  scheme s t a r t i n g  from d i a l l y l  eulphone and 
o u tl in e d  below was env isaged . B rom ination o f d i a l l y l  
sulphone in  carbon te t r a c h lo r id e  s o lu t io n  gave b i s - 2*5- 
dibrom opropyl sulphone (LVT) in  good y ie ld .  In  th e  i n i t i a l
Br2




dehydrobrom ination  experim ents i n  which p y r id in e  was added 
ra p id ly  to  th e  s o lu t io n  of b i s - 2 s 3 -dibrom opropyl sulphone 
w ith  slow s t i r r i n g  o f th e  re a c t io n  m ix tu re  v isc o u s  l iq u id s  
were o b ta in ed  which c r y s ta l l i s e d  only  v ery  slow ly . Under 
th e s e  c o n d itio n s , h igh  co n c e n tra tio n s  o f p y rid in e  may have 
been te m p o ra rily  lo c a l i s e d ,  so th a t  the  e x te n t o f dehydro­
b rom ination  v a r ie d  co n s id e rab ly  and mixed p roducts  r e s u l te d .
B is -2 s3 -dibrom opropyl sulphone was s a t i s f a c t o r i l y  
dehydrobrom inated in  h o t benzene s o lu t io n  by slow ly adding 
th e  th e o r e t i c a l  amount of p y rid in e  and r e f l a t i n g  f o r  30 
m inu tes. P y rid in e  hydrobromide was removed by e x t r a c t in g  
w ith  w ate r, and M s-3-brom oprop-1-enyl sulphone (LVII) was
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o b ta in ed  a f t e r  removing th e  so lv e n t, and c r y s t a l l i s i n g  
from carbon te t r a c h lo r id e .
B is-3 -d ie th y lam in o p ro p -1 ~ en y l sulphone (1V III) was 
r e a d i ly  o b ta in ed  by d is s o lv in g  b is -3 ~ k rom°Pr ° P -1 -eny^ sulphone
in  benzene and adding excess d ie th y lam in e . A p r e c ip i t a t e  o f 
d ie th y lam in e  hydrobromide sep a ra te d  im m edia tely , b u t th e  
m ix tu re  was u s u a lly  h ea ted  f o r  a s h o r t tim e to  com plete th e  
r e a c t io n .  P u r i f ic a t io n  o f th e  base was a ttem pted  by d i s t i l l a ­
t io n  under reduced p re s s u re , bu t decom position o ccu rred . I t  
was th e re fo re  converted  d i r e c t ly  in to  th e  d ih y d ro c h lo r id e , 
th e  l a t t e r  b e in g  r e a d i ly  o b ta in ed  in  a h igh  s t a t e  o f p u r i ty .
Both b is~3~^roiaoPro P -l -en y l sulphone and b is - 3 - d ie th y l -  
am inoprop-1-enyl sulphone d ih y d ro ch lo rid e  showed com plete la c k  
o f r e a c t iv i t y  a t  th e  double bonds. They did n o t d e c o lo u rise  
bromine w ate r, nor d id  they  give a yellow  co lou r w ith  t e t r a -  
n itro m eth an e  in  carbon te t r a c h lo r id e .  Io d in e  v a lu e s  u s in g  
b o th  th e  io d in e  m onochloride and p y r id in e  bromide methods o f 
th e  B r i t i s h  Pharmacopoeia gave n eg a tiv e  r e s u l t s ,  An e x p e r i-  
mean was s e t  up to  see i f  l i th iu m  brom ide(215) woui^  c a ta ly se  
th e  uptake o f bromine by b i s - 3*^r0®°P^0P~1-e u y l su lphone, bu t 
a f t e r  5 hours th e  amount o f f r e e  bromine in  th e  s o lu t io n  
rem ained unchanged. A s im ila r  la c k  o f r e a c t iv i t y  to  halogens 
a t  th e  double bond i s  a lso  a c h a r a c te r i s t i c  o f c*j3 -u n s a tu ra te d  
a c id s .
The only  evidence o f u n s a tu ra tio n  was o b ta in ed  from 
th e  f a c t  th a t  bo th  compounds d eco lo u rised  a lk a l in e  potassium
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perm anganate s o lu t io n . H ydrogenation of b is -3 -d ie th y la m in o -  
p ro p -1 -en y l sulphone d ih y d ro ch lo rid e  u s in g  p la tin u m  oxide as 
c a ta ly s t  was u n su c c e s s fu l , and unchanged s t a r t i n g  m a te r ia l  
was reco v e red . H ydrogenation o f b is-3 -b ro m o p ro p -1 -en y l 
sulphone was more s u c c e s s fu l , bu t fo u r  m olecu les o f hydrogen 
were ta k en  up on com plete hydrogenation  and n o t two as 
expected , th u s  in d ic a t in g  th a t  hydrobrom ino lysis had a lso  
o ccu rred , This was confirm ed by th e  e v o lu tio n  o f hydrogen 
bromide fum es. The p ro d u c t, i s o la te d  as a redd ish-brow n 
r a th e r  v isc o u s  l iq u id  was expected  to  be d ip ro p y l su lphone, 
which i s  a low -m elting  s o l id .  The re s id u e , however, f a i l e d  
to  c r y s t a l l i s e  on s ta n d in g  in  a vacuum d e s ic c a to r ,  and 
a ttem p ts  to  c r y s t a l l i s e  i t  from e th e r  were e q u a lly  un su ccess­
f u l .  P a r t i a l  hydrogenation  s im ila r ly  f a i l e d  to  y ie ld  b is - 3 -  
brom opropyl su lphone, th e  product be ing  is o la te d  as an o i l  
which could no t be c h a ra c te r is e d . I t  must be concluded 
th e re fo re  t h a t  hydrogenation  and h yd rob rom ino lysis , i n  a l l  
p ro b a b i l i ty ,  proceed s im u ltan eo u sly .
The la c k  of r e a c t iv i t y  of th e  double bond fend th e  method 
o f p re p a ra t io n  of b i s - 3 ~ ^ e1;^y l^ Ifli noPro P“ 1“ ®ny l  sulphone 
to g e th e r  p rov ide s tro n g  evidence f o r  p la c in g  th e  double bond 
in  th e  o£(3 p o s i t io n .
Attempted p re p a ra tio n  of b is -3 -d ie th y lam in o p ro p -1 -e n y l su lp h id e
Before t h i s  s e c tio n  was s ta r te d  th e  b a c te r io lo g ic a l  
r e s u l t s  of the  compounds prepared  in  the p rev io u s s e c tio n s
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had been o b ta in e d . These r e s u l t s  a re  d isc u sse d  l a t e r  on in  
t h i s  th e s i s  and a re  enum erated in  Table 2, b u t th e y  seemed 
to  in d ic a te  t h a t  b is -3 -d ie th y la m in o p ro p -1 -e n y l su lp h id e  would 
be more a c t iv e  a g a in s t  M. T u b ercu lo sis  th an  any o f th e  com­
pounds t e s te d ,  and t h i s  p a r t i c u la r  work was s ta r t e d  w ith  th e  
o b je c t  o f p re p a r in g  th e  compound, and com paring i t s  a c t i v i t y  
w ith  th a t  o f b is -3 -d ie th y la m in o p ro p -1 -e n y l su lphone.
A ro u te  s im ila r  to  th a t  used in  th e  p re p a ra t io n  o f 
b is -3 ~ d ie th y lam in o p ro p -1 -en y l sulphone was en v isag ed , nam ely, 
b rom ination  o f d i a l l y l  su lp h id e  fo llow ed  by dehydrobrom ina­
t io n  and condensation  o f th e  product w ith  d ie thy lam ine*  
R o t h s t e i n ^ ^  has shown th a t  2 -b ro m o -1 s1 -b ise th y lth io p ro p an e  
(X»IX) r e a d i ly  dehydrobrom inates to  g ive 1 : 1 -b ie e th y lth ip p ro p -  
1-ene (LX) i n  accordance w ith  the  u su a l S a y tz e ff  e l im in a tio n
CHj. CHBr. CH(SCH2CH5) 2 -------► CĤ . CH: C (SCH2CH5 ) 2
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r u l e ^ ^ .  However a p p l ic a t io n  o f th e  ru le  to  th e  dehydro­
b ro m in atio n  of b i s - 2 i 3~dibrom opropyl su lp h id e  g iv es  no 
guidance as  to  th e  d i r e c t io n  i n  which e l im in a tio n  m ight be 
expected  to  occu r, and by analogy w ith  th e  co rrespond ing  
su lphone, i t  seemed p robab le  th a t  oC (3 - e l im in a t io n  would 
a lso  occur w ith  th e  su lp h id e .
B is - 2 :3 -dibrom opropyl su lp h id e  (LXI) was r e a d i ly  o b ta in ­
ed by d i r e c t  b rom ination  o f d i a l l y l  su lp h id e , b u t a tte m p ts  to
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dehydrobrom inate i t  w ith  p y rid in e  f a i l e d  co m p le te ly . I t  
Br 0H2. CHBr. CH2. S . 0H2 . CHBr. CHgBr 
(LXI)
was assumed th a t  a t ta c k  a t  th e  OC p o s i t io n s  was in h ib i te d  by 
e le c t ro n  ac c e ss io n  from th e  lone  p a i r s  on th e  a d ja c e n t 
su lp h u r atom. These c o n d itio n s  do n o t apply  i n  th e  c o r re s ­
ponding su lphone, and th e  dehydrobrom ination  proceeds sm oothly 
and in  good y ie ld .  R o th s te in ^ 218^, to o , has shown th a t  
w h ils t  benzy l 2 -ch lo ro p ro p y l sulphone undergoes dehydro­
c h lo r in a t io n  i n  p y r id in e , th e  iso m eric  benzyl 3 -ch lo ro p ro p y l 
su lphone, which, because o f th e  more remote sulphone group i s  
s im ila r ly  n o t a c t iv a te d  f o r  e l im in a tio n , i s  n o t dehydro­
c h lo r in a te d  i n  p y r id in e .
As ex p ec ted , s tro n g e r  b ases , such as po tassium  hydroxide 
i n  aqueous o r a b so lu te  e th a n o l, r e a d i ly  promoted dehydro- 
b ro m in atio n , th e  f i r s t  experim ents g iv in g  r i s e  to  a  m ix tu re  
o f  a  tr ib ro m o su lp h id e  and a d ibrom osulphide, which were 
e a s i ly  sep ara ted  by f r a c t io n a l  d i s t i l l a t i o n .  More c a re fu l 
c o n tro l  o f th e  r e a c t io n  co n d itio n s  in  subsequent experim en ts , 
gave only  th e  d ibrom osulphide, though t to  be b is - 3 - ^ r onn>prop- 
t - e n y l  su lp h id e .
However, i t  was soon apparen t th a t  t h i s  s t r u c tu r e  could 
n o t be c o r re c t  on account o f i t s  behav iour when re a c te d  w ith  
d ie th y lam in e . Heat was re q u ire d  to  promote th e  r e a c t io n ,
-5 4 -
and th e  p roduct proved n o t to  be th e  expected  b is - 3 ~ d ie th y l-  
am inoprop-1 ~eny 1 su lp h id e , b u t a base which confoxmed in  
a n a ly s is  and m o lecu lar w eight to  a bromopropenyl d ie th y l -  
am inopropenyl su lp h id e . R eac tion  w ith  d ie th y lam in e  was n o t 
com plete, s in c e  a second u n sa tu ra te d  dibrom osulphide was 
recovered  from th e  r e a c t io n  m ix tu re . This l a t t e r  compound 
f a i l e d  to  r e a c t  w ith  d ie thy lam ine  bo th  under r e f lu x  in  benzene 
s o lu t io n ,  and when hea ted  under p re ssu re  in  th e  absence o f 
s o lv e n t .  The base which was ob ta in ed  from th e  r e a c t io n  
m ix tu re  a lso  f a i l e d  to  r e a c t  f u r th e r  w ith  d ie th y lam in e .
Two e x p la n a tio n s  o f  t h i s  anomaly seemed p o s s ib le j -
(a) The fo rm atio n  o f an in tra m o le c u la r  h a lid e  (XXXX)
+/CH\
(08^ ) 8I.0H 20HI0H. 8 '  .OH Br
c h 2
( m i )
(b) The fo rm atio n  o f a  v in y l ic  bromide d u rin g  
dehydrobrom ination .
S tru c tu re  (I«XII), however, i s  u n te n ab le , s in c e  fo rm atio n  
o f  sulphonium h a lid e s  has been observed only  in  6 -h a lo a lk y l  
su lp h id e s , and n o t w ith  th e  correspond ing  -h a lo a lk y l  
s u l p h i d e s ^2 1 221).  Moreover, th e  s o lu b i l i ty  p ro p e r t ie s  
of the  base were the  re v e rse  o f th o se  expected o f a  sulphonium 
h a l id e . The p resence o f a v in y l ic  brom ide, on th e  o th e r  hand,
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pro v id e  d a more s a t i s f a c to r y  ex p la n a tio n  o f  th e  u n re a c tiv e  
bromine i n  th e  dibrom osulphide and th e  d e riv ed  b a se , 
fu rth e rm o re , t h i s  ag rees  w ith  th e  p o s tu la te  t h a t  a t ta c k  i s  
in h ib i te d  i n  th e  <X p o s i t io n  o f b i s - 2 :3~dibrom opropyl 
su lp h id e  by th e  p resence  o f the  su lp h id e  e le c t ro n s .
D ehydrobrom ination o f b is-2 :3 -d ib ro m o p ro p y l su lp h id e  
w ith  po tassium  hydroxide occu rs stepw ise  w ith  th e  fo rm a tio n  
i n  th e  f i r s t  in s ta n c e  o f a tr ib ro m o su lp h id e  f o r  which e i t h e r  
s t r u c tu r e  (LX III) o r  (LXIV) i s  p o s s ib le . O zonolysis o f  th e  
compound, however, gave only t r a c e  amounts o f form aldehyde, 
b u t hydrobrom ic ac id  was l ib e r a te d  i n  alm ost th e o r e t i c a l  y ie ld  
f o r  one v in y l ic  bromide group, in d ic a t in g  th a t  th e  s t r u c tu r e  
i s  c o r r e c t ly  re p re se n te d  by 2 ^ -^ ik ro m o p ro p  3'-to2*omQprop-2'- 
eny l su lp h id e  (L X III). Thus th e  i n i t i a l  dehydrobrom ination 
ap p ears to  fo llo w  a ro u te  analogous to  th a t  found in  th e  
dehydrobrom ination  o f oC {3 -dibrom oiso b u ty ra ld eh y d e  d ie th y l  
a c e ta l  (LXXVI), which y ie ld s  B-bromo-<X -m ethy lacra ldehyde 
d ie th y l  a c e ta l  (LXXVTI) by Q % - e l i m i n a t i o n ^ ^ ^ . The 
sm all y ie ld  o f form aldehyde i s  probably  due to  con tam ination
CHgBr. CBr (CH5) .  OH(OC2H5) 2 -------» CHBr * 0 (OHj ) . OH(OC2H5 ) g
(1XXVT) (LXXVII)
by t r a c e s  of 2j3-dibrom oprop 2 '-b ro m o p ro p -2 '-en y l su lp h id e  
(LXIV), r a th e r  than  to  anomalous o z o n o l y s i s 224) 
m ight w ell be expected  to  occur w ith  a bromopropenyl su lp h id e  
o f s t r u c tu r e  (L X III). Anomalous ozonolyses have been
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observed w ith  analogous su b stan ces  such a s  4 -e th o x y b u t-2- 
ene (LXXYIII), b u t th ey  were co n sid ered  u n l ik e ly  th e
OHjCH «  CH.CH2 GC2 H5 
( l x x v i i i )
p re se n t experim en ts , s in c e  no form aldehyde was d e te c te d  in  
th e  o zo n o ly s is  o f b is - 3 - 'bromoprop-»2-enyl su lp h id e  QiX?). 
Form ation of 2:3~dibroiiQoprop 2 '-b ro m o p ro p -2 '-en y l su lp h id e  
even in  low y ie ld ,  suggested  th a t  th e  dibrom osulphide formed 
by th e  f u r th e r  a c t io n  of potassium  hydroxide on th e  tribrom o- 
su lp h id e  m ix tu re  was in  f a c t  a m ix tu re  o f b is~ 3 -k romoP rop-2- 
enyl su lp h id e  and 3~bromoprop~2~enyl 2 '-b ro m o p ro p -2 '-en y l 
su lp h id e  (1XVI). C are fu l f r a c t io n a t io n ,  however, f a i l e d  to  
e f f e c t  a  s e p a ra tio n  c f  th e  two compounds. This co n c lu sio n  
i s  based ons-
(a ) th e  s t r u c tu r e s  assig n ed  to  th e  tr ib ro m o su lp h id es ,
(b) o zo n o ly s is  o f th e  mixed d ibrom osulphides and o f th e  
dibrom osulphide which f a i l e d  to  r e a c t  w ith  d ie th y l­
amine , and
(c) th e  r e a c t io n s  o f th e  mixed d ibrom osulphides and o f 
th e  bromopropenyl d ie thy lam inopropeny l su lp h id e  
i s o la te d  from th e  m ix ture a f t e r  r e a c t io n  w ith  
d ie thy lam ine *
S tru c tu re  (LX7) f o r  th e  u n re a c tiv e  dibromo su lp h id e  was 
confirm ed by o z o n o ly s is , which gave no form aldehyde b u t
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l ib e r a te d  hydrobrom ic ac id  i n  h igh  y ie ld  f o r  two v in y l i c  
brom ide groups. O zonolysis o f th e  mixed d ib rom osu lph ides, 
on th e  o th e r  hand, gave form aldehyde i n  a y ie ld  o f  19# o f 
th e  th e o r e t i c a l  f o r  one v in y l id in e  group (29# a llo w in g  f o r  
th e  p resence  o f (1XV) to  th e  e x te n t o f 33# th e  m ix tu re ) 
i n  agreem ent w ith  s t r u c tu r e  (LXVI) f o r  th e  second component 
o f  th e  m ix tu re . The a l t e r n a t iv e  compound fo rm u la ted  a s  5- 
brom oprop-2-enyl 1 '-b ro m o p ro p -2 '-en y l su lp h id e  (1XXXX) was
BrCHj OH.CHgSCHBr. CH: OHg 
(1XXIX)
r e je c te d ,  s in c e  t h i s  would re q u ire  a th io t r o p ic  rearrangem ent 
d u rin g  p re p a ra t io n , and t h i s  i s  u n l ik e ly  under th e  a lk a l in e  
c o n d itio n s  o f th e  dehydrobrom ination . Comparable 
t h i o t r o p i c ( 22^) o x o tro p ic ^ 22^  rearrangem en ts a re  known to  
occu r only  under ac id  c o n d itio n s . F in a lly  th e  h igh  y ie ld  o f 
hydrobrom ic ac id  ob ta ined  on o zo n o ly sis  o f the  mixed dibromo- 
su lp h id e s  confirm ed th a t  s t r u c tu re s  (LXV) and (LXVT) were 
c o r r e c t .
I t  fo llo w s from t h i s  th a t  th e  base o b ta in ed  by r e a c t in g  
d ie thy lam ine  w ith  the  mixed d ibrom osulphides must be 3-bromo- 
p ro p -2 -en y l 2 '-d ie th y la m in o p ro p -2 '-e n y l su lp h id e  (L X H I).
In  r e t r o s p e c t ,  fo rm ation  o f a base by r e a c t io n  o f a v in y l ic  
h a lid e  w ith  d ie thy lam ine seemed im probable, s in c e  v in y l ic  
c h lo r id e s  a re  known to  be u n re a c tiv e  tow ards secondary 
am ines(22?) fh e re  i s  some ev idence , however, th a t  some
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v in y l ic  brom ides a re  more r e a c t iv e  th an  th e  co rresp o n d in g  
c h lo r id e s .  For exam ple, Hamer and R athbone^ 2 2 )  j^y© shown 
t h a t  B-bromo- <X -m ethy lacra ldehyde d ie th y l  a c e ta l  (I*XXX) 
r e a c ts  r e a d i ly  w ith  a n i l in e ,  undergo ing  s u b s t i tu t i o n .  On
BrCH:C(CH5 ) .C K (O C 2H5 ) 2
( L U X )
th e  o th e r  hand P ar c e l l  and P o lla rd ^ 2 28 ̂  found th a t  on ly  th e  
a l l y l i e  bromide o f 2?5-dibrom oprop-1-ene was re p la ced  in  
r e a c t io n  w ith  d ie th y lam in e . The only  g en e ra l rep lacem ent 
r e a c t io n  o f v in y l ic  bromide appears to  be th e  fo rm a tio n  of 
l i th iu m  a l k e n y l s r e p l a c e m e n t  by m eta l allcoxides 
^30) and m eta l t h i o a l k o x i d e s ^ ^ ^ .
I t  was found th a t  b is-3 -b rom oprop -2 -eny l su lp h id e  
undergoes alm ost com plete s o lv o ly s is  i n  90$ a c e t ic  a c id , 
hydrobrom ic ac id  being  l ib e r a te d  in  91$ of th e  th e o r e t i c a l  
y ie ld  a f t e r  h e a tin g  f o r  one hour on a b o i l in g  w ater bath*
The p roduct b is~ 3 -ao e to x y p ro p -2 -en y l su lp h id e  (H IX ) was 
u n s ta b le  and could n o t be com pletely  c h a ra c te r is e d . I t  
gave no co lo u r w ith  S e h i f f ’ s reag en t o r F e h lin g ’ s s o lu t io n ,  
b u t was ra p id ly  r e s in i f i e d  by sodium hydroxide s o lu t io n , 
presum ably due to  fo rm atio n  of b i s - 2 - f o rm ylethy l su lp h id e  
(LXIXA). T o l le n 's  reag en t a lso  was reduced in s t a n t l y  on 
a d d it io n  o f b is-3 -ace to x y p ro p -2 ~ en y l su lp h id e .
R e a c tiv ity  in  v in y l ic  brom ides i s  n o t com pletely  g e n e ra l, 
be ing  governed by th e  n a tu re  of ad ja c e n t su b s t i tu e n ts *  For
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example L u fra is s e  and N e tte r^ 2^  found th a t  w h ils t  CX -hrom o- 
fi-ethoxyhenzalacetophenone (LXXXI) re a c te d  w ith  p ip e r id in e  i t  
d id  so on ly  by rep lacem ent o f  th e  ethoxy group to  g ive  oobrom o- 
f l-p ip erid in o b en za lace to p h en o n e  (LXXXII), th e  v in y l i c  hromide 
ta lcing  no p a r t  i n  th e  r e a c t io n .  S im ila r ly  i t  was found th a t
c5h10nh
C6H5OO.CBrtC(OC2H5).C 6H5 ---------------^  C6H5CO.CBr:C(lTC5H1())C6H5
(LXXXI) (LXXXII)
b is-3 -b ro m o p ro p -2 -en y l sulphone (LXXI), u n lik e  th e  c o r re s ­
ponding su lp h id e  d id  n o t undergo s o lv o ly s is  when t r e a te d  w ith  
9095 a c e t ic  a c id . $hus, rep lacem ent o f an e le c t ro n  d o n a tin g  
(su lp h id e )  group hy an e le c tro n  a t t r a c t i n g  (su lphone) group 
i n  th e  1 -p o s it io n  e x e r ts  a profound e f f e c t  on th e  r e a c t iv i t y  
o f th e  halogen  in  5-fcro®°Pro P’-2-ene. I n th e  same way th e  
d if fe re n c e  in  r e a c t iv i t y  o f the  b ro m o -su b s titu e n ts  in  3-bromo- 
p ro p -2 -en y l 2-bromoprop~2-enyl su lp h id e  could be ex p la in ed  by 
th e  p resence  o f th e  th io m eth y l group -SCHg-, im m ediately  
a d ja c e n t to  th e  v in y l ic  halogen in  the  2-bromoprop-2Lenyl 
fragm en t.
The  r e te n t io n  of th e  v in y lid en e  group in  3-brom oprop-2- 
en y l 2 -d ie th y lam in o p ro p -2 -en y l su lph ide  was confirm ed by the  
l ib e r a t io n  o f form aldehyde on o zo n o ly s is . Ihe low y ie ld  
( 13$ o f th e o r e t i c a l  f o r  1 mole) was a t t r ib u te d  to  th e  sm all 
s c a le  o f th e  r e a c t io n .  Comparable y ie ld s  were o b ta in ed  under 
s im ila r  co n d itio n s  w ith  t e s t  compounds o f  known s t r u c tu r e .
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O xidation  o f th e  su lp h id e  base w ith  hydrogen perox ide  gave 
3-brom oprop-2-enyl 2 -d ie th y lam in o p ro p -2 -en y l sulphone (LXVIII), 
which s im i la r ly  on o zo n o ly sis  gave hydrobrom ic a c id , and 
form aldehyde (12$ o f th e o r e t i c a l  f o r  1 m ole).
O x idation  o f  th e  mixed dibromo su lp h id e s  w ith  hydrogen 
p e ro x id e  in  a c e t ic  a c id  gave an o i ly  p roduct which re a c te d  
w ith  d ie th y la m in e , p e rm ittin g  s e p a ra tio n  in to  two f r a c t io n s ,  
b a s ic  and n o n -b as ic  r e s p e c t iv e ly .  D i s t i l l a t i o n  o f th e  b a s ic  
f r a c t io n  gave a base  C^QEjgOgHSBr in  40$ y ie ld .  T his was n o t 
id e n t i c a l  w ith  3-brom oprop-2-enyl 2- d i e th y 1am inoprop-2 -eny1 
sulphone and i s  fo rm u la ted  as 1 -d ie th y 1am inoprop-2 -eny l 2- 
brom oprop-2-enyl sulphone (LXX). The l a t t e r  i s  d eriv ed  from 
1-brom oprop-2-enyl 2-brom oprop-2-enyl sulphone (LXIX) which 
i s  formed by the  combined th io t r o p ic  rearrangem ent and 
o x id a tio n  o f 3-brom oprop-2-enyl 2-brom oprop-2-enyl su lp h id e . 
E o th s te in  has r e p o r te d ( ^ 5 )  - ^ a t  o x id a tio n  o f aoraldehyde 
d ie th y l  th io a c e ta l  (LXXXIII) i s  s im ila r ly  accompanied by 
m ig ra tio n  of an e th y lth io  group to  y ie ld  e x 'y '-b ise th y lsu l phony 1 
propene (LXXXIV). Rearrangement o f v in y l ic  to  a l l y i i e
bromide i s  supported  in  the  p re se n t case by the  ease  w ith  
which the  rea rran g ed  and o x id ised  product re a c te d  w ith  
d ie th y lam in e . R eaction  was immediate a t  room tem p era tu re ,
ch2 ic h . ch(sc2h5) 2
(LXXXIII)
^  C2H5S02. CHgOHs CH. S O g C ^  
(LXXXI7)
-6 2 -
being  com parable in  ease  w ith  th a t  between bis-3-brom oprop~
1 -eny l sulphone and d ie th y lam in e . O zonolysis was n o t com­
p le te ly  s a t i s f a c to r y ,  owing to  th e  sm all amount o f  m a te r ia l  
a v a i la b le .  Formaldehyde was o b ta in ed , b u t on ly  i n  8# o f  th e  
th e o r e t i c a l  y ie ld  f o r  two v in y lid e n e  groups, b u t t h i s  i s  
com parable on a w eight b a s is  w ith  th e  y ie ld s  o b ta in ed  from 
3-brom oprop-2 -enyl 2 -d ie th y lam in o p ro p -2 -en y l su lp h id e  and 
su lp h o n e .
The o i l  from th e  above o x id a tio n , which d id  n o t r e a c t  
w ith  d ie th y lam in e , was sep a ra te d  by d i s t i l l a t i o n  in to  two 
f r a c t io n s .  The f r a c t io n  w ith  th e  low er b o i l in g -p o in t  
c r y s t a l l i s e d  as a s o l id ,  m .p. 6 5 .5 -6 6 .5°C ., on c o o lin g , 
i d e n t i c a l  w ith  th e  o x id a tio n  product o f b is-3 -b rom oprop-2 - 
en y l su lp h id e , and was th e re fo re  b i s - 3 -brom oprop-2 -enyl 
sulphone (LXXI). This was confirm ed by th e  f a c t  th a t  i t  
d id  n o t r e a c t  w ith  d ie th y lam in e , and by th e  absence o f 
form aldehyde and l ib e r a t io n  o f hydrobromic ac id  (82 .6#  of 
th e o r e t i c a l  f o r  two v in y l ic  brom ines) on o z o n o ly s is .
The h ig h e r b o i l in g  f r a c t io n  a lso  s o l id i f i e d  on co o lin g , 
and was r e c r y s ta l l i s e d  from e th e r  as la rg e  p rism s, m .p. 73- 
74°C ., b u t d id  n o t r e a c t  w ith  d ie th y lam in e . O zonolysis gave 
no form aldehyde b u t gave hydrogen bromide in  good y ie ld  f o r  
one v in y l ic  brom ine. I t  a lso  slow ly reduced T o lle n ’ s re ag e n t 
on h e a tin g . The p o s s i b i l i t y  th a t  th e  compound m ight be an 
acetoxypropenyl bromopropenyl su lph ide  was shown to  be wrong, 
s in c e  a n a ly s is  in d ic a te d  a m olecu lar fo rm ula G^Q&jgO^SBr, and
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s in c e  th e  compound was n o n -b as ic  and no n i tro g e n  could  be 
d e te c te d , th e  h igh  percen tage  o f carbon and hydrogen could 
n o t be ex p la in e d . The s t r u c tu re  o f  th e  compound (LXXII) 
was n o t f u r th e r  in v e s t ig a te d ,  owing to  la c k  o f  m a te r ia l .
O x idation  o f b is-3 -b ro rao p ro p -2 -en y l su lp h id e  a lso  was 
accompanied by some rearran g em en t, presum ably to  1-bromoprop-
2 -eny l 3“k rom°prop~2-eny l su lph ide  (1X X III), s in c e  th e  
o x id a tio n  p roduct re a c te d  w ith  d ie thy lam ine  in  th e  co ld  to  
g ive  sm all y ie ld s  o f  a b ase , o f e q u iv a le n t w eight 293*3> 
i n s u f f i c i e n t  f o r  c h a ra c te r i s a t io n ,  b u t probably  1 -d ie th y l-  
am inoprop-2 -enyl 3~bromoprop~2-enyl su lp h id e  (LXXIV). 
C ry s ta l l in e  b is~ 3“brom oprop-2-enyl sulphone was i s o la te d  from 
th e  r e a c t io n  m ix tu re . F u rth e r  evidence o f rearrangem ent was 
o b ta in ed  by a re -ex am in a tio n  of th e  o x id a tio n  p ro d u c ts  from 
th e  mixed d ib rom osu lph ides. The crude base ob ta in ed  by th e  
a c tio n  o f d ie thy lam ine  on th e  o x id a tio n  product gave s i g n i f i ­
c a n tly  low v a lu e s  f o r  e q u iv a le n t w eigh t, in d ic a t in g  the  
p resence o f a d i-a c id  b ase , assumed to  be b is -1 -d ie th y la m in o -  
p ro p -2 -en y l sulphone d eriv ed  from b is-1 -b rom oprop-2 -eny l 
sulphone (LXXI). E v id en tly  t h i s  base i s  th e rm o lab ile  and 
decomposes du rin g  th e  d i s t i l l a t i o n  o f th e  crude p ro d u c t, i n  
th e  same way as bis~3~& ie thy lam inoprop-1 -eny l sulphone 
decomposed when a ttem p ts  were made to  d i s t i l  i t ,  as  re p o r te d  
e a r l i e r .  None of th e  mono-acid b ases  in v e s t ig a te d  in  t h i s  
s e c tio n  y ie ld e d  c r y s ta l l i n e  h y d ro ch lo rid es , b u t a sm all 
amount of c r y s ta l l i n e  h y d roch lo ride  was i s o la te d  from th e
•*54**
m ix tu re  o f  crude b a se s , s u f f i c ie n t  to  show th a t  i t  was 
d eriv ed  from a d i- a c id  base and was n o t th e  d ih y d ro ch lo rid e  
o f b is-3 -d ie th y lam in o p ro p -1 ~ en y l su lphone, b u t i n s u f f i c i e n t  
to  c h a ra c te r is e  i t .
In  o rd e r  to  e lu c id a te  th e  complex changes o c c u rr in g  in  
th e  r e a c t io n s  d e sc rib ed  above, i t  was f e l t  n ec essa ry  in  th e  
e a r ly  s ta g e s  o f  t h i s  work to  compare th e  r e a c t i v i t i e s  o f  th e  
u n s a tu ra te d  brom osulphides w ith  th a t  o f  th e  co rrespond ing  
s a tu ra te d  su lp h id e . Although t h i s  l a t t e r  proved u n n ecessa ry , 
th e  r e s u l t s  o f two u n su c cess fu l a ttem p ts  to  p rep are  b i s - 3 -  
bromopropyl su lp h id e  a re  now reco rd ed .
Peroxide c a ta ly se d  a d d itio n  o f hydrogen bromide to  
d i a l l y l  su lp h id e , under th e  c o n d itio n s  used in  th e  p re p a ra t io n  
of b i s - 3 - k r oiaopropyl su lphone, d id  n o t y ie ld  b i s - 3 -bromo propy l 
su lp h id e , b u t in s te a d  an o th er dibrom osulphide whioh i s  assumed 
to  be bis~2-brom opropyl su lp h id e . That th e  re q u ire d  compound 
was n o t o b ta in ed  was confirm ed by i t s  r e a c t io n  w ith  d ie th y l­
amine to  form th e  corresponding  base , and fo rm atio n  o f i t s  
d ih y d ro c h lo r id e . The l a t t e r  d if fe re d  from b is - 3 - d ie th y l -
am inopropyl su lp h id e  d ih y d ro ch lo rid e  (p repared  e a r l i e r  on in  
t h i s  w ork). I t  was thought th a t  th e  c a ta ly t i c  e f f e c t  of 
benzoyl perox ide on th e  a d d itio n  of hydrogen bromide i s  
n e u t r a l is e d  by th e  su lp h id e  l in k .  On th e  o th e r  hand, Jones 
end R e i d ^ ^  have dem onstrated th e  marked c a ta l y t i c  e f f e c t s  
o f even t r a c e  amounts o f p erox ides in  th e  a d d it io n  o f t h i o l s  
to  u n sa tu ra te d  compounds, th e  abnormal a d d it io n s  be in g  ob ta in ed
«■» 5 5*“
in  th e  same way as  w ith  hydrogen brom ide.
The second method employed in  an a ttem p t to  p rep a re  
b is-3-brom opropy 1 su lp h id e  was by condensing 1*3 dibrom o- 
propane (2 m oles) w ith  sodium su lp h id e  (1 m ole). Bowever, 
in s te a d  o f  th e  re q u ire d  compound, b is -3 ~ ^ r0Itt0P^0Pyl 
te t r a s u lp h id e  (LXXXV) was o b ta in ed  in  17$ y ie ld .  I t s
Br.(CH2) 5 .S4 .(C H g)j.B r 
(LXXXV)
c o n s t i tu t io n  was confirm ed by conversion  to  th e  c r y s ta l l i n e  
b is -5 -d ie th y la m in o p ro p y l te t r a s u lp h id e  d ih y d ro ch lo rid e  
(Icam), m .p. 245-5-246.5°c.
aox. ( o 2H5 ) 2ir .  ( o h 2 ) , s 4 .  (oM2 ) y V ( o 2 a 5 ) 2 . m i
(x.xxm )
THE OXIDATION Off A i m  SULPHIDES
The o x id a tio n  o f su lp h id e s  to  su lphones can be b rough t 
about by many re a g e n ts , in c lu d in g  30$ hydrogen p e ro x id e ^ 5 4 )  ̂
n i t r i c  a c i d ^ * ^ ,  potassium  perm anganate^® ^’^ ^ , chromic 
a c i d ^ 5 7 ) f perbenzo ic  a c i d ^ ^ 8 ^, mono p e r p h th a lic  a c id ^ ^ 9 )  
and sodium h y p o c h lo rite  . Potassium  perm anganate i n  
a c e t i c  ac id  o r  hydrogen peroxide (30$) in  a c e t ic  a c id  a re  
th e  re a g e n ts  most u s u a lly  employed.
The s t a t e  o f o x id a tio n  achieved depends la rg e ly  on th e  
r e a c t io n  c o n d itio n s . In  g e n e ra l, o x id a tio n  to  th e  sulphone 
can be achieved by u s in g  excess re a g e n t, a lthough  th e  forma­
t io n  o f m ix tu res  o f su lphox ides and sulphones has been 
re p o r te d  from tim e to  tim e, e s p e c ia l ly  when hydrogen peroxide 
has been used as th e  o x i d a n t C h r o m i c  ac id  i n  a c e t ic  
a c id ,  alone appears to  be s p e c if ic  f o r  the o x id a tio n  of 
su lp h id e s  to  su lp h o x id es, w ith  com plete c e s s a tio n  of o x id a tio n  
a t  t h i s  s ta g e . Gazdar and S m i l e s ai s0 have rep o rted  
c o n tro lle d  o x id a tio n  to  th e  su lphoxide s ta g e  in  good y ie ld  
u s in g  th e  c a lc u la te d  amount o f hydrogen peroxide i n  aqueous 
o r  acetone s o lu t io n .
The d i r e c t  o x id a tio n  of o£|3 -u n s a tu ra te d  su lp h id e s  as 
d e sc rib ed  by P ric e  and G i l l i s ^ 2^0  ̂ i s  u n s a t is f a c to ry  and 
y ie ld s  a re  poor, presumably due to  co n cu rren t o x id a tio n  a t  
th e  c e n tre  of u n sa tu ra tio n i. With sodium h y p o c h lo r ite , m ethyl
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v in y l eu lphoxide was o b ta in ed  in  on ly  17$ y ie ld  from th e  
co rresp o n d in g  su lp h id e , w h ils t  hydrogen perox ide  i n  a c e t i c  
a c id  gave on ly  16$ o f th e  su lphone. In  g e n e ra l, i n d i r e c t  
methods in v o lv in g  dehydrohalogenation  o f J3-halo sulphone a 
o f f e r  a  more s a t i s f a c to r y  ro u te  to  <X /3 -u n s a tu ra te d  su lp h o n es, 
th e  in te rm e d ia te  h a lo -su lp h o n es  b e in g  r e a d i ly  a v a ila b le  in  
good y ie ld  by o x id a tio n  of th e  co rrespond ing  s u lp h id e s (2 4 2 )#
On th e  o th e r  hand, (3 ^  -u n s a tu ra te d  su lp h id es  such as d i a l l y l  
su lp h id e  have been o x id ised  to  th e  sulphone in  h igh  y ie ld  
(94$) w ith  hydrogen p e ro x id e (2^ ) # s im ila r  y ie ld s  have been 
o b ta in ed  in  th e  p re se n t work
The u n c e r ta in ty  su rround ing  th e  value o f th e  above 
methods f o r  o x id a tio n  o f  <X(3 -u n s a tu ra te d  s u lp h id e s , suggested  
a g en e ra l in v e s t ig a t io n  o f th e se  and p o ss ib ly  o th e r  m ethods. 
This was c a r r ie d  ou t co n c u rren tly  w ith  th e  work p re v io u s ly  
d e sc r ib e d , i n  o rd e r  to  e s ta b l i s h  a method f o r  th e  o x id a tio n  
o f u n sa tu ra te d  am ino-su lph ides to  su lphones. The su c c e s s fu l 
o x id a tio n  o f u n sa tu ra te d  a lco h o ls  by chromic ac id  in  p y rid in e  
by Poos, A rth , B ey le r, and S a r e t t^ 2^ )  and by manganese 
d io x id e  in  l i g h t  petro leum ^2^ ’246) promp^e<3 in v e s t ig a t io n  of 
t h e i r  use as re a g e n ts  f o r  th e  o x id a tio n  o f u n sa tu ra te d  
su lp h id e s .
In  a p re lim in a ry  experim ent, the  o x id a tio n  o f th e  
s a tu ra te d  d i-n -b u ty l  su lp h id e  by means o f chromic ac id  in  
p y rid in e  was s tu d ie d . D i-n -b u ty l su lphoxide was ob ta ined  
somewhat unexpected ly  in  49$ y ie ld ,  d e s p ite  s e r io u s  d i f f i c u l t y
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w it h em ulsions d u rin g  th e  e x t r a c t io n  p ro ce ss . I t  was found, 
however, t h a t  th e se  experim en ta l d i f f i c u l t i e s  could  he m in i­
m ised by f i l t e r i n g  th e  em ulsion through  p ap er, and w ith  e th e r  
as th e  e x t r a c t io n  so lv e n t, by th e  a p p l ic a t io n  o f g e n tla  h e a t .  
R e p e ti t io n  o f th e  o x id a tio n  u sin g  a la rg e  excess o f chromic 
ac id  b o th  a t  room tem pera tu re  and a t  100° fo r  fo u r  h o u rs , 
ag a in  gave only th e  su lphoxide w ith  no t r a c e  o f sulphone.
The d i-n -b u ty l  su lphoxide so ob ta ined  was c h a ra c te r is e d  by 
i t s  known p h y s ic a l c o n s ta n ts , and by conversion  in to  S S -d i- 
n -b u ty l-H -to lu e n e -£ -su lp h o n y lsu lp h id im in e  (LXXXV) by conden­
s a t io n  w ith  to lu en e-£ -su lp h o n am id e , u s in g  phosphorus pen tox ide 
in  ch loroform . The p roduct was i d e n t i c a l  w ith  th a t  o b ta in ed
from d i - a - b u ty l  su lp h id e  and Ohloramine T.
S im ila r  o x id a tio n s  were c a r r ie d  ou t on d ib en zy l su lp h id e , 
and ag a in  only th e  su lphoxide was o b ta in ed . A s l i g h t ly  
In c rea sed  y ie ld  was ob ta in ed  when th e  re a c t io n  m ix tu re  was 
allow ed to  stand  f o r  f iv e  days. The o x id a tio n  o f d i a l l y l  
su lp h id e  by th i s  method, however, proved a b o r t iv e .  P roducts 
c o n ta in in g  su lphu r were i s o la te d  in  only  m inute amounts, 
i n s u f f i c i e n t  f o r  i d e n t i f i c a t io n .  F a ilu re  to  reoover th e  
s t a r t i n g  m a te r ia l  was probably  due to  c o - d i s t i l l a t i o n  w ith  
e x tra c t io n  so lv e n t.
(LXXXV)
-6 9 -
In  g e n e ra l ,  more su ccess  was o b ta in ed  i n  o x id a tio n s  w ith  
manganese d io x id e  i n  l i g h t  petro leum . In  th e se  experim en ts 
th e  su lp h id e , d is so lv e d  i n  l i g h t  petro leum , was shaken w ith  
f r e s h ly  p repared  manganese d iox ide  f o r  v a ry in g  p e r io d s  o f 
tim e . The b e s t  y ie ld s  were ob ta in ed  a f t e r  3-4 days; lo n g e r  
shak ing  d id  n o t appear to  in c re a s e  th e  y ie ld  o f  p ro d u c t. In  
th e  o x id a tio n  of d i-n -b u ty l  su lp h id e  by t h i s  method, f i l t r a ­
t i o n  and ev a p o ra tio n  o f th e  l i g h t  petro leum  gave on ly  a sm all 
y ie ld  o f d i-n -b u ty l  su lp h o x id e . The b u lk  o f th e  p roduct was 
adsorbed on th e  manganese d io x id e , b u t was r e a d i ly  i s o la te d  
by e x t r a c t in g  t h i s  i n  a con tinuous e x t r a c t io n  a p p a ra tu s . 
A dsorp tion  o f th e  p roduct appeared to  be g en e ra l a s , i n  th e  
o x id a tio n s  o f bo th  d ib en zy l and d i a l l y l  su lp h id e s , ev ap o ra tio n  
o f th e  f i l t r a t e  gave only unchanged s t a r t i n g  m a te r ia l ,  w h ils t  
th e  su lp h o x id es were ob ta in ed  by e x tra c t io n  o f th e  manganese 
d io x id e . The y ie ld  of d i a l l y l  su lphoxide u s in g  t h i s  method 
was poor, b e in g  only  13°/° a f t e r  76 h o u rs . Longer r e a c t io n  
tim es and h e a tin g  th e  r e a c t io n  m ix ture d id  n o t improve the  
y ie ld .
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The on ly  arom atic  su lp h id e  examined was 2 t 2 t 4 * 4 ~ te tra -  
n i tro d ip h e n y l su lp h id e  (LXXXYI), which was p repared  by th e  




This su lp h id e  was p r a c t i c a l ly  in s o lu b le  i n  l i g h t  petro leum , 
so th e  o x id a tio n  was a ttem pted  in  ace tone  s o lu t io n .
Unchanged 2%2 i4 i4 - te t r a n i t r o d ip h e n y l  su lp h id e  was reco v ered  
q u a n t i ta t iv e ly .  I t  i s  i n t e r e s t i n g  to  observe t h a t  t h i s  
compound f a i l e d  to  y ie ld  a su lph id im ine  w ith  Chloramine T.
An a ttem p t was made to  p repare  dicinnam yl su lp h id e  by 
th e  a c t io n  o f sodium th io s u lp h a te  on cinnamyl c h lo r id e , as 
i n  th e  p re p a ra t io n  o f th e  p rev io u s su lp h id e , w ith  th e  
in te n t io n  o f u s in g  i t  i n  th e  o x id a tio n  experim en ts . However, 
i s o l a t i o n  of th e  p ro d u c ts  and s e p a ra tio n  by chrom atography 
th ro u g h  a  column o f alum ina le d  only to  th e  i d e n t i f i c a t i o n  
o f dicinnam yl t r i s u lp h id e  (LXXXVII), as a c r y s ta l l i n e  s o l id
(c6h5 . chjch. ch2) 2s5
(LXXXVII)
from  th e  e a r l i e r  f r a c t io n s .  From th e  l a s t  f r a c t io n  was 
o b ta in ed  a  l iq u id  which may have been impure dicinnam yl 
su lp h id e , b u t th e  a n a ly t ic a l  f ig u re s  were u n s a t is f a c to ry  
and th e  experim ents were d isc o n tin u e d .
I t  was c le a r  from th e  r e s u l t s  o f  th e  o x id a tio n  
experim ents t h a t  o x id a tio n  of su lp h id es  by chromic ac id  i n  
p y r id in e  o r  by manganese d io x id e  i n  l i g h t  petro leum  le d  
only to  th e  fo rm ation  o f th e  co rrespond ing  su lp h o x id es , and 
th a t  th e  l a t t e r  method o f o x id a tio n  was more s a t i s f a c to r y  
th an  th e  fo rm er. A tte n tio n  was th e re fo re  tu rn ed  to  an
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a p p r a is a l  o f  th e  co n v en tio n a l o x id a tio n  m ethods.
H ere, i t  was confirm ed t h a t  chromic a c id  i n  a c e t i c  
a c id ,  l i k e  chromic a c id  i n  p y r id in e , gave r i s e  o n ly  to  
su lp h o x id es , d i a l l y l  su lphoxide b e in g  o b ta in ed  i n  68# y ie ld  
i n  t h i s  way* The o x id a tio n  of d i a l l y l  su lp h id e  to  d i a l l y l  
sulphone w ith  hydrogen p e ro x id e (245) gaVe th e  p roduct i n  
91# y ie ld .  A p p lic a tio n  o f t h i s  method to  th e  o x id a tio n  of 
th e  u n s a tu ra te d  b rom o-su lphides gave th e  co rrespond ing  
su lphones i n  good y ie ld ,  w h ils t  o x id a tio n  o f th e  b i s d ia lk y l -  
ami no a lk y l  su lp h id e s  by means o f po tassium  perm anganate i n  
50# a c e t i c  a c id  a lso  gave th e  a p p ro p r ia te  su lphones i n  
s a t i s f a c to r y  y ie ld s .

Melting points are unoorreeted*
flie author wishes to thank the Chemistry 
Pepartment for the use of apparatus, and Br« A. 
Syme, Mr. W. McOorkindale, and Mr. V. Gardiner 
for the mleroaaalyses.
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EXPERIMENTS WITH DIETHYL MALONATE
Ethoxym agnesiom alonic E s te r .
Magnesium tu rn in g s  ( I2 .1 5 g .)  were covered w ith  a m ix tu re  
o f  benzene (120 m l.)  and ab so lu te  e th an o l (5*75 m l . ) . A 
c r y s ta l  o f  io d in e  and carbon te t r a c h lo r id e  (1 m l.)  were 
added and a s o lu t io n  o f d ie th y l  m alonate (80g .) in  benzene 
(100 m l.)  and e th an o l (26.25 m l.)  was run in  slow ly . The 
m ix tu re  was warmed g e n tly  to  s t a r t  o f f  th e  r e a c t io n ,  and th en  
th e  h ea t was removed w hile  th e  d ie th y l  m alonate s o lu t io n  was 
added (30 m in .) .  The m ix tu re  was th en  re f lu x e d  u n t i l  most 
o f  th e  magnesium had d is s o lv e d . The excess e th an o l was then  
removed by a z e o tro p ic  d i s t i l l a t i o n .
B isd lethoxycarbony lm ethy l S u lphox ide.
R e d is t i l le d  th io n y l c h lo rid e  (3 0 g .) was p laced  i n  a 
f l a s k  f i t t e d  w ith  a s t i r r e r ,  and th e  s o lu t io n  o f  ethoxy- 
m agnesiom alonic e s t e r  i n  benzene was slow ly added (15 m in .) 
w ith  c o n s ta n t s t i r r i n g .  The m ix ture was heated  f o r  5 m inu tes, 
cooled i n  an ic e -w a te r  b a th , and decomposed by th e  a d d itio n  o f 
10# h y d ro c h lo ric  ac id  (200 m l.)  and i c e .  When th e  complex 
had been decomposed (about 45 m in .) th e  co n ten ts  o f  th e  f la s k  
were t r a n s f e r r e d  to  a s e p a ra tin g  fu n n e l, washed f i r s t  w ith  
d i lu t e  h y d ro ch lo ric  a c id , and th en  w ith  w ate r. A fte r  d ry in g  
(RagSO^), benzene and unchanged d ie th y l  m alonate were removed
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by d i s t i l l a t i o n  under reduced p re s s u re . The r e s id u a l  ye llow
l iq u id ,  a f t e r  s ta n d in g  f o r  s e v e ra l days, was f i l t e r e d  f r e e
from  c r y s ta l s  o f t e t r a e th y l  e th a n e te tra c a rb o x y la te .
M olecular d i s t i l l a t i o n  y ie ld e d  a  f a i r l y  pure sample o f b i s -
13*5d ie thoxycarbonylm ethy l su lphoxide ( 2 2 . 9 g . f 25$) * 1.4630.
Pound. C, 4 7 .7 ; H, 5 .8 ; S, 8 .4  p e r c e n t.
C14H22°9S re(lu i r e s  c > 45 .9 ; H, 6 .1 ; S, 8 .75  p er c e n t.
Attempted P re p a ra tio n  of B is te t r a e th y ld i  amidomethy1 S u lphox ide .
B isd iethoxycarbony lm ethy l su lphoxide (0 .7 g .)  and d ie th y l-  
amine (1 m l.)  were re f lu x e d  f o r  1 hour. Removal o f excess 
re ag e n t under reduced p re ssu re  y ie ld ed  a dark  brown o i l  and 
some c r y s ta l l i n e  m a te r ia l .  R e c r y s ta l l i s a t io n  from e th an o l 
y ie ld e d  yellow  n e e d le s , m .p. 118°C. in  poor y ie ld .  The 
r e a c t io n  was n o t f u r th e r  in v e s t ig a te d  s in ce  th e  re q u ire d  
b is te tra e th y ld ia m id o m e th y l su lphoxide has m .p. 176°C ., and 
th e  r e f r a c t iv e  index o f th e  re s id u e  in d ic a te d  i t  to  be 
c h ie f ly  unchanged b isd ie thoxycarbony lm ethy l su lphox ide .
A ttem pted P re p a ra tio n  of S S -b is-(d ie th o x y carb o n y lm eth y l)-ff-  
to lu e n e - p - su lp h o n y lsu lp h id im in e .
Method (1 ) .  B isd ie thoxycarbonylm ethyl su lphoxide (0.386gJ 
and to luene-p-su lphonam ide (0 .1 7 g .) in  a c e t ic  anhydride (5 m l.) 
were re f lu x e d  g en tly  f o r  20 min. Removal o f excess re ag e n t 
under reduced p re ssu re  y ie ld ed  a brown o i l  from which
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c r y s ta l l i n e  m a te r ia l  sep a ra ted  on s ta n d in g  f o r  two days. 
F i l t r a t i o n  and re p e a te d  c r y s t a l l i s a t i o n s  from benzene y ie ld e d  
w hite  c r y s ta l s  m .p. 132-134°C., confirm ed as b e in g  tf -a e e ty l  
to lu e n e s u lp h o n a m id e  by a mixed m e ltin g  p o in t  w ith  an
a u th e n tic  sam ple.
Method ( 2 ) . B isd ie thoxycarbony lm ethy l su lphoxide 
(Q .4 2 1 g .), to luene-£ -su lphonam ide (0 .1 9 7 g .) , and phosphorus 
pen tox ide (0 .1 2 g .)  i n  chloroform  (2 m l.)  were re f lu x e d  f o r  
30 min. Phosphorus pen tox ide (0 .1 2 g .)  was th en  added and 
r e f lu x in g  continued  f o r  a f u r th e r  30 min. The h o t c h lo ro ­
form s o lu t io n  was th en  decanted from th e  s lu d g e , washed tw ice 
w ith  sodium hydroxide s o lu t io n  (5$, 3 m l.)  and then  w ith  
w a te r . E vaporation  o f the chloroform  la y e r  y ie ld ed  
unchanged b isd ie th o x y carb o n y lm eth y l su lphoxide (confirm ed by 
r e f r a c t iv e  in d e x ) , and a c id i f i c a t io n  o f th e  aqueous e x t r a c t  
fo llow ed  by e x t r a c t io n  w ith  e th e r  y ie ld ed  unchanged to lu e n e -  
£-sulphonam ide (confirm ed by m.p. and mixed m .p. w ith  s t a r t in g  
m a te r i a l ) .
Method ( 3 ) . B isd iethoxycarbony lm ethy l su lphoxide
(0 .6 6 g .) ,  toluene-jD-sulphonam ide (0 . 31g*)>and aluminium 
c h lo r id e  ( 0 .2 g .) i n  benzene (4 m l.)  were re f lu x ed  f o r  30 min. 
The re a c t io n  m ix ture darkened co n s id erab ly  and h y d ro ch lo ric  
a c id  was evolved . Aluminium c h lo rid e  (0 .1 g .)  was added and 
r e f lu x in g  con tinued  f o r  a f u r th e r  30 min. On co o lin g , the  
th ic k  b lack  o i l  was made a lk a l in e  w ith  sodium hydroxide
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s o lu t io n  (20$) and e x tra c te d  w ith  e th e r .  The l a t t e r  so lu ­
t io n ,  a f t e r  w ashing w ith  w a te r, d ry in g  (Na2S0^) and removal 
o f  s o lv e n t y ie ld e d  a brow nish s o l id ,  which was p u r i f ie d  by 
r e c r y s t a l l i s a t i o n  from benzene as w hite  c r y s t a l s .  These 
were id e n t i f i e d  as unchanged to luene-£~sulphonam ide (m.p. and 
mixed m .p. w ith  s t a r t i n g  m a te r ia l ) .
Attem pted P re p a ra tio n  o f T h io n y ld ia c e tic  A cid.
Method ( 1 ) . B isd ie thoxycarbony lm ethy l su lphoxide
(l« 4 5 9 g .) was re f lu x e d  w ith  aqueous s o lu t io n  o f po tassium
hydroxide (20$, 7 m l.)  f o r  40 min. Unchanged su lphoxide was
e x tra c te d  w ith  e th e r  from th e  cold  m ix tu re , and th e  aqueous
s o lu t io n , a f t e r  a c id i f i c a t io n  w ith  h y d ro ch lo ric  a c id , was
evapora ted  to  d ry n ess . E x tra c tio n  o f th e  s o l id  re s id u e  w ith  
e th an o l and ev ap o ra tio n  y ie ld ed  a brown o i l  i n  poor y ie ld  
a long  w ith  some c r y s ta l l in e  m a te r ia l ,  n e i th e r  of which was 
f u r th e r  in v e s t ig a te d .
Method ( 2 ) . B isd iethoxycarbony lm ethy l su lphoxide
( l .0 4 g . ) in  e th a n o lic  (90$) s o lu t io n  of potassium  hydroxide 
(26 ml.IT/2) was allow ed to  stand  a t  room tem peratu re  f o r  6 days. 
A yellow  o i l  and c r y s ta l l i n e  m a te r ia l sep a ra ted  o u t. A fte r  
re f lu x in g  the  m ix ture  f o r  1 hour, the  bu lk  of th e  e th an o l was 
removed by d i s t i l l a t i o n  and th e  r e s id u a l  l iq u id  was e x tra c te d  
w ith  e th e r  (to  remove any w a te r- in so lu b le  m a te r ia l ) .  A c id if i ­
c a tio n  of th e  aqueous l iq u id  fo llow ed  by e x t r a c t io n  w ith  e th e r
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y ie ld e d  no p ro d u c t, so th e  aqueous la y e r  was evapo ra ted  to  
d ry n ess . E x tra c tio n  o f th e  s o l id  re s id u e  w ith  e th e r  and 
e th a n o l a lso  f a i l e d  to  g ive th e  re q u ire d  th io n y ld ia c e t ic  a c id .
Method ( 3 ) » B isd iethoxycarbonylm ethy l su lphox ide
(1.73&*) in  e th a n o lie  h y d ro ch lo ric  ac id  (7$, 12 m l.)  was 
allow ed to  s tan d  a t  room tem peratu re  f o r  3 days, fo llow ed  by 
a f u r th e r  two days a t  40°C. E vaporation  o f th e  s o lu t io n  
y ie ld e d  unchanged b isd ie th o x y carb o n y lm eth y l su lp h o x id e , as  
confirm ed by r e f r a c t iv e  in d ex .
fh io n y ld ia c e t ie  A cid.
B isd iethoxycarbonylm ethy l su lphox ide (1*379g*) was 
re f lu x e d  w ith  h y d ro ch lo ric  ac id  (15 m l.)  f o r  1 .5  h o u rs , by 
which tim e most o f th e  o i ly  la y e r  had d isap p ea red . Jhe 
r e a c t io n  m ix tu re , on co o lin g , was e x tra c te d  w ith  benzene (to  
remove unchanged su lphox ide) and th e  ac id  s o lu t io n  was 
evapo ra ted  to  dryness under reduced p re ssu re . The re s id u e  
was d isso lv ed  in  w ater and th e  s o lu t io n  d eco lo u rised  by 
b o i l in g  w ith  a c t iv a te d  ch arco a l E vaporation  o f the  f i l t r a t e ,  
and f i n a l l y  d ry in g  in  a vacuum d e s ic c a to r ,  y ie ld ed  a w hite 
s o l id  (0 .4 6 0 g ., 73*5$)? m.p. 115~117°C.
Founds eq u iv . ( t i t r a t i o n )  80; r e q u ire s  equ iv . 83*
Washing the  th io n y ld ia c e t ic  ac id  w ith  a sm all amount o f dry 
e th e r  r a is e d  th e  m.p. to  119-121°C. Oddy and Dodson 
r e p o r t^ 4 7 )  H 9 °c . (decomp.)
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Attempted Becarboxyatfon o f  T h io n y ld ia c e t ic  A cid*
T h io n y ld ia c e t ic  a c id  ( 0 .2 g . ) was h ea ted  to  150°0. f o r  
1 hour. Some e v o lu tio n  o f  gases o ccu rred , i n d i c a t in g  
d e c a rb o x y la t io n ,  b u t c h a r r in g  occurred  s im u ltan eo u sly  and
no c r y s t a l l i n e  product could be i s o l a t e d  from th e  charred  
r e s id u a l  mass.
Attempted P re p a ra t io n  of Biscarboxyroethyl Sulphone.
B isd ie thoxycarbonylm ethyl sulphoxide (2 .874g .)  and 
s o lu t io n  of  hydrogen peroxide (30$, 5 m l.)  i n  g l a c i a l  a c e t i c  
a c id  (7 m l.)  were re f lu x ed  f o r  45 min. A fte r  ev a p o ra tio n  
o f  the  l i q u i d  under reduced p re s su re ,  th e  r e s id u a l  c o lo u r le s s  
o i l  was re f lu x ed  w ith  h y d ro ch lo r ic  ac id  (20 m l.)  f o r  1.25 
ho u rs , f i l t e r e d ,  and evapora ted  over a w a te r-b a th .  The 
reddish-brow n v isc o u s  re s id u e  (0.9g«) f a i l e d  to  c r y s t a l l i s e  
a f t e r  s ta n d in g  f o r  s e v e ra l  days i n  a vacuum d e s ic c a to r  and 
was n o t  in v e s t ig a te d  f u r t h e r .
78-
PRBPARATIOff OF BIS-3 -PIET HTLAMINOPROPYL SPLFHOflB
D ia l ly l  S u lp h id e .
Sodium su lp h id e  (70g.) and e thano l (200 ml*) were 
p laced  i n  a 3 -aeck  f l a s k  f i t t e d  w ith  s t i r r e r ,  r e f lu x  
condenser, and dropping fu n n e l ,  and th e  s t i r r e d  m ix tu re  was 
hea ted  to  b o i l in g .  A lly !  bromide ( I 1 4 g . ) was slowly added 
(30 m in .)  and the  m ixture then  re f lu x ed  f o r  5*5 hours . On 
c o o l in g ,  th e  m ix tu re  was poured in to  w ater  (2 1 . )  and e x t ra c ­
te d  w ith  e th e r .  The e th e r e a l  e x t r a c t s  were washed, d r ie d  
(Ka2S0^) and th e  so lv en t removed by d i s t i l l a t i o n .  The 
d i a l l y l  su lph ide  b o ile d  a t  136 -  140°C. (40*28g-, 75$)* 
L e w i n ^ '^  g ives  b .p .  137°C./750 mm.
D ia l ly l  Sulphone.
D ia l ly l  su lp h id e  (28g.) was d isso lv ed  i n  g l a c i a l  a c e t i c  
ac id  (160 m l.)  and the  s o lu t io n  cooled to  below 5°C. i n  a 
f r e e z in g  m ix tu re .  To the s o lu t io n  30$ hydrogen peroxide 
(117 m l.)  was added slow ly, the  tem peratu re  being m ain ta ined  
below 5°C. A fte r  the  hydrogen peroxide was added, th e  s o lu ­
t i o n  was allowed to  stand  a t  room tem pera tu re  o v e rn ig h t ,  and 
th en  hea ted  to  80~85°C. fo r  1 hour. On coo ling , i t  was 
poured in to  w ater (700 m l.)  and e x t ra c te d  w ith  chloroform .
The chloroform  e x t r a c t s  were washed w ith  w ate r, d r ied  
(fiagSO^), and the  so lv en t removed by d i s t i l l a t i o n .  The
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re s id u e  was d i s t i l l e d  under redueed p re s s u re ,  and d i a l l y l  
sulphone (3 2 .8 0 g . , 91*5$) was o o l le o te d ,  b .p .  12O-*13O°0 .
(h a th ) /3 * 5  mm., 1.4913* lew in ^2^9  ̂ g ives  h .p .  109°C.
20
/ 3  mm., n^ 1.4893•
Attempted Hydrobromination of D ia l ly l  Sulphone.
Method ( 1 ) , D ia l ly l  sulphone (3*305g») w&s d isso lv ed  
i n  e th e r  (10 m l . ) ,  a c r y s t a l  o f  benzoyl peroxide was added, 
and th e  s o lu t io n  cooled i n  an ic e -w a te r  b a th .  Dry hydrogen 
bromide was passed in to  th e  cold s o lu t io n  f o r  13 hours . 
Removal o f  th e  so lv e n t  under reduced p re ssu re  y ie ld e d  an o i l  
(3*577g<). The sm all in c re a s e  in  weight and the  r e f r a c t i v e  
index o f  th e  l iq u id  in d ic a te d  th a t  i t  was c h ie f ly  unchanged 
d i a l l y l  sulphone.
Method ( 2 ) . D ia l ly l  sulphone (6g .)  was d isso lv ed  i n  
carbon t e t r a c h l o r i d e  (60 m l.)  and a c r y s t a l  o f  benzoyl 
peroxide was added. Dry hydrogen bromide was passed in to  
th e  s o lu t io n  ( a t  room tem peratu re)  f o r  26 hours . Removal 
o f  th e  so lv e n t  under reduced p ressu re  y ie ld ed  an o i l  (6 .7 g « ), 
th e  r e f r a c t i v e  index of which in  a d d i t io n  to  th e  very  small 
in c re a s e  i n  w eight, showed i t  to  be c h ie f ly  unchanged d i a l l y l  
su lphone.
Method ( 3 ) . D ia l ly l  sulphone (6 .8 g .)  i n  co n s ta n t  
b o i l i n g  hydrobromic ac id  (15 m l.)  was re f lu x ed  f o r  3 .5  hours. 
To th e  cold s o lu t io n ,  sodium b icarbonate  was added i n  s l i g h t
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excess  and th e  l i q u i d  e x t ra c te d  w ith  ch loroform . The 
chloroform  e x t r a c t s  were washed w ith  w ate r ,  d r ie d  (NagSO^), 
and th e  so lv e n t  removed under reduced p re s s u re .  The 
r e s id u a l  o i l  (6 .8 3 2 g .) was aga in  confirmed as be in g  c h i e f ly  
unchanged s t a r t i n g  m a te r ia l ,
2 -Bromopropyl p ro p -2-eny l Sulphone and 5 -Bromopropyl p rop-
2-eny l Sulphone.
M a l l y l  sulphone (6 .5 g .)  was d is so lv ed  i n  carbon t e t r a ­
c h lo r id e  (100 m l.)  and a c r y s t a l  o f  benzoyl perox ide added.
The s o lu t io n  was heated  to  b o i l in g ,  and dry hydrogen bromide 
passed i n  f o r  5 hours w hile the s o lu t io n  was re f lu x e d .  Remov­
a l  o f  th e  so lv e n t gave a t a r r y  re s id u e  which, when e x tra c te d  
w ith  h o t e th e r ,  benzene, and e th an o l ,  y ie ld ed  a l i q u i d  (1 .4 8 g .) .  
This l i q u i d ,  on f u r th e r  r e a c t io n  w ith  hydrogen bromide f o r  7 
hou rs , fo llow ed by chromatography in  benzene s o lu t io n  on a 
m ix tu re  of  a c t iv a te d  cha rcoa l and powdered c e l lu lo s e  (equal 
p a r t s ) ,  gave a c r y s t a l l i n e  s o l id  ( l . 6 7 g . )* Chromatography 
o f  t h i s  s o l id  from benzene on alumina gave two f r a c t i o n s .
The f i r s t  sm all f r a c t i o n ,  c r y s t a l l i s e d  from e th e r ,  gave
2-bromopropyl p ro p -2 -enyl su lphone, m.p. 102 .5-103•5°C.
Found. C, 32 .1 ; H, 5 .4 ; per  ce n t.
CgHioO^SBr r e q u i r e s  C, 32 .1 ; H, 5*3$ Pe r  ce n t.
The second much l a r g e r  f r a c t io n ,  a f t e r  re p re a te d  r e c r y s t ­
a l l i s a t i o n s  from e th e r ,  gave 3-bromopropyl p ro p -2-eny l 
su lphone. m.p. 72-74°C.
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Found. 0, 31*85 H, 4*9 p er  cen t
OgHioOgSBr r e q u i r e s  C, 32 .1 ; H, 5*3 Per cen t
3 -D iethylam inopropyl p ro p -2 -enyl Sulphone.
5-Bromopropyl p rop -2 -eny l sulphone (1g .)  i n  benzene 
(15 m l.)  was re f lu x e d  w ith  d ie thy lam ine (1 m l.)  f o r  1 hour. 
The r e a c t io n  m ix tu re , on coo ling , was washed w ith  w ate r  ( to  
remove d ie thy lam ine  hydrobromide) and then  e x tra c te d  w ith  
d i l u t e  h y d ro c h lo r ic  a c id .  On making a lk a l in e  w ith  sodium 
hydroxide s o lu t io n ,  th e  f r e e  base was l i b e r a t e d  and e x t ra c te d  
w ith  benzene. The benzene e x t r a c t s ,  a f t e r  washing w ith
w ate r ,  d ry ing  (NapSO,) and removal o f  th e  so lv e n t  under
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reduced p re s s u re ,  y ie ld ed  a red o i l ,  n^  1.4832.
D i s t i l l a t i o n  y ie ld e d  5 -d ie thy lam inopropy l p ro p -2-enyl
sulphone (0 .4 5 g . ,  4 6 .6 $ ) , b .p .2 0 0 -2 0 5 °C .(b a th ) /2 .2 5  am .,
17*5n^  * 1.4812, as  a s traw -co loured  o i l .
Found: equ iv . ( t i t r a t i o n )  217.1 
°10H21 OgKS r e q u i r e s  equiv . 219*3
B is -3 -bromopropyl Sulphone.
D ia l ly l  sulphone (4*2g .) was d is so lv ed  i n  carbon t e t r a ­
c h lo r id e  (100 m l.)  and a c r y s t a l  of benzoyl peroxide was 
added. The s o lu t io n  was heated  to  b o i l in g  and dry hydrogen
bromide was passed i n  w h i ls t  the  so lu t io n  cooled , and th e r e ­
a f t e r  f o r  20 hours. The s o lu t io n  was brought to  th e  b o i l  
a t  3 -hourly  i n t e r v a l s ,  being  allowed to  cool to  room tempera-
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t u r e  du ring  th e  in te rv e n in g  p e r io d s .  The p roduct se p a ra te d  
as  a  yellow  o i}  which formed a s o l i d  c r y s t a l l i n e  mass on 
s ta n d in g  o v e rn ig h t .  E vapora tion  o f  th e  so lv e n t  and 
c r y s t a l l i s a t i o n  of th e  r e s id u e  from e th e r  gave b i s - 3-bromo- 
p ropy l sulphone as c o lo u r le s s  p l a t e s ,  m.p. 85-86°G. (3*7g.>
43$) •
3?ound. C, 23«8; H, 4 .1 ;  Br, 51.8 per ce n t .
C6H12° 2SBr2 r e q u i r e s  0, 23.4 ;  H, 3 .9 ;  Br, 51.9 p e r  c e n t .
A subsequent experim ent i n  which hydrogen bromide was passed 
i n  f o r  only 8 hours gave th e  same product i n  39$ y ie ld .
A dd ition  o f  Hydrogen Bromide to  3- Bromopropyl p ro p -2 -enyl 
Sulphone.
3-Bromopropyl p rop -2 -eny l sulphone (2g .)  was d isso lv ed  
i n  carbon t e t r a c h lo r id e  (40 m l.)  and a c r y s t a l  o f  benzoyl 
peroxide was added. The s o lu t io n  was heated  to  b o i l in g  and
dry hydrogen bromide was passed i n  f o r  7 hours, w ith  a l t e r n a t e
h e a t in g  and coo ling  of the  s o lu t io n  as described  above. On 
removal o f  th e  so lv e n t ,  the  re s id u e  i n  benzene was chromato­
graphed on alumina. The e a r l i e r  f r a c t i o n s ,  a f t e r  r e c r y s t a l l i ­
s a t io n  from e th e r ,  y ie ld ed  bis-3~bromopropyl sulphone, m.p. 
85-86°C. (confirmed by mixed m.p. w ith  p rev io u s ly  prepared  
m a te r i a l ) .  The l a t e r  f r a c t io n s ,  on r e c r y s t a l l i s a t i o n  from 
e th e r ,  y ie ld ed  unchanged 3-bromopropyl p rop-2 -eny l sulphone, 
m.p. 72-74°C. (confirmed by mixed m.p. w ith  s t a r t i n g  m a te r ia l ) .
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Bi s-5-diethylam lnopropyl Sulphone.
Method (1). B is-3“ ^3?o^opi*opyl sulphone (4-64g-) in 
benzene (100 ml.) was re f lu x ed  f o r  1 hour with diethylamine 
(8 ml,)* When cold, th e  benzene solution was washed with 
w a te r ,  d r ie d  (JTagSO^) and evapora ted . The residual oily  
base (crude 4*22g., 96>Q was d isso lved  in  d i l u t e  h y d ro ch lo r ic  
a c id  (10?£, 12.3 m l.)  and th e  s o lu t io n  c a u t io u s ly  evapo ra ted . 
The s o l id  r e s id u e ,  r e c r y s t a l l i s e d  from ab so lu te  e th an o l 
(d r ie d )  gave c o lo u r le s s  hygroscopic n ee d le s  of bis-5-diethyl- 
aminopropyl sulphone dih y d ro c h lo r id e , m.p. 186.5~187°G.
found. N, 7-4; 01, 19*3 Par cent.
C14H54G211 gSOlg requires H, 7-7| 01, 19*4 per cent.
Method (2 ) . See p. 95*
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DB&PABATIOH OF LOHQ-CHAIN BISDIALKYLAMINOALKYL 
SULPHIDES AND SULPHONES
D ie th y l  A d ip a te .
D ie th y l a d ip a te  was prepared  "by an a d a p ta t io n  o f  th e  
method d esc r ib ed  f o r  th e  p re p a ra t io n  o f  d ie th y l  se b aca te  i n  
Organic S yn theses^1^ .  Adiplc ac id  (40g.)  was re f lu x e d  
w ith  s t i r r i n g  f o r  2 .5  hours w ith  e th an o l (135 ® 10  and 
s u lp h u r ic  ac id  (10 .5  m l . ) .  Most o f  th e  e th a n o l  was th en  
removed by d i s t i l l a t i o n  and th e  re s id u e  was poured in to  b r in e  
(200 m l . ) .  Sodium carbonate  was added to  n e u t r a l i s e  the  
m ix tu re ,  and th e  e s t e r  which sep ara ted  was washed w ith  w ate r. 
The aqueous washings were e x t ra c te d  w ith  e th e r  and th e  e s t e r  
and e th e r e a l  e x t r a c t s  were mixed and d r ie d  (NagSO^). The 
e th e r  was d i s t i l l e d  o f f  and th e  d ie th y l  a d ip a te  came over a t  
b .p .  123°C. ( b a th ) /8 .5  mm., n ^  1.4300 (4 0 .2 6 g .,  73#)*
E th y l  gydrogen A d ip a te .
E th y l hydrogen a d ip a te  was prepared  from d ie th y l  a d ip a te  
by an a d a p ta t io n  of th e  method d esc r ib ed  f o r  th e  p re p a ra t io n  
of  e th y l  hydrogen sebaca te  i n  Organic S y n t h e s e s ^ ^ ^ . D ie th y l  
ad ip a te  (4 7 .6 7 g .) ,  a d ip ic  ac id  (59*44g.) and h y d ro c h lo r ic  
a d d  (10.25 m l.)  were hea ted  w ith  s t i r r i n g  to  160-170°C. u n t i l  
a c l e a r  homogeneous s o lu t io n  was o b ta in ed . The tem pera tu re  
was allowed to  f a l l  to 120-130°0., e th an o l  (95#, 25 m l.)  was 
added, and the  tem pera tu re  of the m ixture was m ainta ined
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a t  130-140°0. f o r  a  f u r t h e r  2 hou rs . The l i q u i d  was th e n  
d i s t i l l e d ,  and th e  f r a c t i o n  b o i l in g  between 133° and 1 6 8 ° 0 . /  
10 mm. was c o l l e c t e d .  This was tak en  up i n  e th e r  and 
e x t r a c te d  w ith  sodium carbonate  s o lu t io n .  Unchanged d ie th y l  
a d ip a te  was recovered  from the  e th e r e a l  s o lu t io n .  The 
aqueous s o lu t io n  was a c i d i f i e d ,  e x tra c te d  w ith  e th e r  and 
washed. E thy l hydrogen a d ip a te  was o b ta in ed  from th e  e th e r ­
e a l  e x t r a c t s  a f t e r  d ry ing  (ITagSO^) and removal o f  s o lv e n t ,  as  
a l i q u i d  which s o l i d i f i e d  on s ta n d in g  (39-51g ., 27*9$), 
m.p. 26-28°C.
E th y l $fU-di e th y lad lp am a te .
E th y l hydrogen a d ip a te  (26 .25g .)  was re f lu x ed  w ith  excess 
th io n y l  c h lo r id e  f o r  1.5 hou rs . A f te r  removal o f  excess  
th io n y l  c h lo r id e ,  th e  re s id u e  i n  e th e r  (200 m l.)  was t r e a t e d  
w ith  a s o lu t io n  o f  d ie thy lam ine  (35 m l.)  i n  e th e r  (50 m l . ) .
The e th e r e a l  s o lu t io n  was e x t ra c te d  f i r s t  w ith  w ate r  (to  
remove d ie thy lam ine  h y d ro c h lo r id e ) ,  then  w ith  aqueous sodium 
ca rbona te  (to  remove unchanged e th y l  hydrogen a d ip a te ) ,  and 
f i n a l l y  washed w ith  w ate r .  The r e s u l t i n g  e th e r e a l  s o lu t io n  
was d r ied  (Na2S04 ) ,  evapora ted , and the  r e s id u a l  l i q u i d  
d i s t i l l e d  to  y ie ld  e th y l  N U -diethyladipam ate, b .p .  144°C ./
3 mm., n^7 ’ 5 1.4572 (2 7 .9 g . , 81$).
Found, 5.9 per ce n t .
C12H2303K re(lu i r e s  6 .1  per c e n t .
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E th y l  M -pentam ethyleneadipam ate  was p repared  from e th y l  
hydrogen a d ip a te  (22 .07g.)»  excess th io n y l  c h lo r id e ,  and 
then  p ip e r id in e  (24g.) fo llo w in g  the  above method. E th y l 
M -pen tam ethy lenead i parnate was o b ta ined  as a  c o lo u r le s s  o i l ,  
b .p .  l69-172°C ./5  mm., n ^9l.4778  ( 21. 56g . ,  7 0 .5 $ ) .
Found. 0, 64 .8 ; H, 9*3, 6 .2  p e r  c e n t .
Calc, f o r  c 13H23°3i r ,c ’ 64 .7 ; H, 9 . 6 ; N, 5.8 p e r  cen t.
Avison^24^  r e p o r t s  b .p .  148-15 2 ° C ./0 .5 mm.
E th y l  Hydrogen Sebacate was prepared from d ie th y l  seb aca te  
and seb ac ic  ac id  by th e  method desc ribed  under e th y l  hydrogen
a d ip a te ,  i n  36'  ̂ y i e ld .
E th y l NBT-diethylsebaoamate was prepared  from e th y l  hydrogen 
seb aca te  (31*7g .)  by the  method described  f o r  e th y l  NE-
d ie th y la d ip am a te .  E th y l M -d ie th y lseb acam ate  was ob ta ined
o 19as a c o lo u r le s s  o i l ,  b .p .  183 190 C./3  mm., n^ 1.4571
(2 2 .3 g . , 57$).
Found. C, 67. 3 ? H, 10.9? N, 4.95 p e r  ce n t .
s q u i r e s  0 , 6 7 .3» H, 10.9; BT, 4*9 per c e n t .
E th y l M -pentam ethylenesebacam ate was prepared  from e th y l
hydrogen sebaca te  ( 23. 6g .)  by the  method described  f o r  e th y l
N N -diethyladipam ate. E thy l flSIS-pentamethylenesebacamate
was ob ta ined  as a c o lo u r le s s  o i l ,  b .p .  208-211 °C ./3 .5  mm.,
18 5n^ ^  1.4757 (20. 1g . ,  66$).
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Pound. G, 68.2; H, 9*9f 4*5 per cent*
r e q u i r e s  0, 68.6} H, 10#5; H, 4*7 per cent.
6-H ydrosyhexyia ie thy lam fne.
E thy l M -d ie th y la d ip a m a te  (2 7 .9g .)  i n  dry e th e r  (60 m l.)  
was slow ly run  in to  a s t i r r e d  ho t suspension  o f  l i th iu m  
aluminium hydride (9g .)  i n  dry e th e r  (400 m l . ) .  The a d d i t io n
was oontinued a t  a  r a t e  which was j u s t  s u f f i c i e n t  to  keep th e
s o lu t io n  r e f lu x in g ,  a d d i t io n  being  complete w ith in  approxi­
m ately  15 m inutes. The r e a c t io n  r j lx tu re  was cooled i n  i c e ,  
arid water was added dropwiso, s u f f i c i e n t  to decompose the  
excess  l i th iu m  aluminm hydride . A f te r  t rea tm en t w ith  sodium 
hydroxide s o lu t io n  (20$, 200 ia l . ) ,  the  e th e r e a l  e x t r a c t s  were 
washed, d r ie d  (NagSO^) and evapora ted . The r e s id u a l  o i l  
d i s t i l l e d  to  give 6-hydroxyhexyldiethylam ine, b .p .  110°C/5*5 
mm., n ^  1.4575 (18.9g* > 90$). Work^2* ^  g ives  b .p .  96- 
99°C ./2  mm.
6 -H ydroxyhexylpiperidine was prepared from e th y l  HN-penta-
methyleneadipamate (21*1g .) by the  method desc ribed  f o r
6-hydroxyhexyld ie thy lam ine, and was ob ta ined  as a c o lo u r le s s
19o i l ,  b.p„ 123°C ./3 .5  mm., n^ 1.4781 (1 4 .4 g . , 89$). Sauer
■xJ
and Adkins^2* ^  give b .p .  96°C./1 mm., n ^  1 .47J0 .
1O-Hydroxydecyldiethylamine was prepared from e th y l  Hlf~ 
d ie thy lsebacam ate  (22g.) by the method described  f o r  6- 
hydroxyhexyld ie thylam ine, and was obtained as a c o lo u r le s s
- 88-  
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o il, b .p .  U 6 °C ./3  “nil-* lip * 1.4602 (I5.5g., 88?S).
Sohinzel and BSnoi-d2-52) give b .p .  178-183°C./16 mm.
10 -H ydroxydecylp iperid ine was prepared  from ethyl NE-penta- 
methylenesebacaniate (1 9 .6g .)  by th e  method d esc r ib ed  f o r  
6 -hydroxyhexy ld ie thy la jn ine ,as  c o lo u r le s s  p l a t e l e t s  (from 
e th e r )  m.p* 59-5°G, (H *3g*j 90$). P r ic e ,  G u th rie , 
Herbrandson and P e e l^ * ^ )  give m.p. 60-61°G.
6 -Ohio ro hexv1di e th y 1amine .
Thionyl c h lo r id e  (8 m l.)  i n  benzene (30 m l.)  was slow ly 
added to  a s o lu t io n  of 6-hydroxyhexyldiethylam ine (1 8 .9g .)  
i n  benzene (100 m l . ) .  The so lv en t was removed under reduced 
p re s su re  to  y ie ld  a g rey ish  c r y s t a l l i n e  mass. This was 
d is so lv ed  i n  w ater (20 m l . ) ,  cooled to  0 °C ., and b a s i f i e d  by
th e  a d d i t io n  o f  sodium hydroxide s o lu t io n  (20$, 30 m l . ) .
E x t r a c t io n  w ith  e th e r ,  washing, d ry ing  (UagSO^), ev ap o ra tio n  
o f  th e  s o lv e n t ,  and d i s t i l l a t i o n  o f  th e  r e s id u a l  o i l  gave
O6 -eh lo ro h ex y ld ie th y lam in e , b .p .  102.5 0 ./11  mm., 1*4513 
(1 9 .8 g . ,  95$).
Pound. C, 63*1; K, 11.8 per c e n t .
GioHggEGl r e q u i r e s  C, 62.6} H, 11.6 per  c e n t .
W o rk ^ * ^  g ives b .p .  118-120°C./19 mm.
6 -O hlorohexy ip iperid lne  was prepared from 6 -hydroxyhexyl- 
p ip e r id in e  (13 . 8 g . ) by the  method described  f o r  6 -c h lo ro -
hexyld i e t h y l a m i n e , and was o b t a i n e d  as  a c o l o u r l e s s  o i l ,
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b .p .  1 3 1 °0 ./2 .5  mm., n j 7 ' 5 1.4752 (10g .,  66#). 6-0hXoro-
h e x y lp lp e r id in e  h y d roch lo r ide  was o b ta in ed  in th e  usual way 
as  c o lo u r le s s  p l a t e s ,  m.p. 154*5~155°C.
Found. C, 55*0; H, 9*6; H, 5 .8  p e r  c e n t .
Gi^HggjrCl r e q u i r e s  C, 515.0; H, 9*6; IT, 5*8 p er  c e n t .
1 0 - C hiorodecyld ie thy lam ine was prepared  from 10-hydroxy- 
d ecy ld ie th y lam in e  (I5*1g») by th e  method d esc r ib ed  f o r  
6 -ch lo rohexy l d ie th y l  amine, and was o b ta ined  as a  c o lo u r le s s  
o i l ,  b .p .  161°C./12 mm., 1.4562 <14g., 86$). S ch inze l
ana B enoit g ive b .p .  173“ 176°C./17 mm.
1O-G hlo rodeoy lp iperld lne  was prepared  from 10-hydroxydeeyl- 
p ip e r id in e  (1 4 .2 g .) by the  method d esc r ib ed  f o r  6 -ch lo ro -  
h e x y ld ie th y la n in e .  and was ob ta ined  as a c o lo u r le s s  o i l ,  b .p .  
151-152°0 ./5  ram., ji^8 1.4753 (1 4 .5 g . , 95#).
P r ic e ,  G u th rie , Herbrandaon, and g ive  a n a l y t i -
c a l  f ig u r e s  f o r  t h i s  compound, b u t no co n s tan ts  except f o r  
th e  h y d ro ch lo r id e , m.p. 135-136°G.
Found: equ iv . ( t i t r a t i o n )  263.
C'l^H^gHCl re û ir e s  260.
3is~  6 -di e thy lan inohoxy l Sul phi do
6 -Chlorohexyldiethylam ine (1 9 .8 g . ) i n  e th an o l (10 m l.)  
was slow ly added to  a hot s o lu t io n  o f  anhydrous sodium
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su lp h id e  (5 .5 g .)  i n  w ater  (6 m l.)  and e th a n o l (10 m l . ) ,  and 
th e  m ix tu re  was re f lu x e d  f o r  3*25 hours w ith  continuous 
s t i r r i n g .  fhe  r e s id u a l  l i q u o r ,  a f t e r  removing th e  bu lk  of 
th e  e th an o l by d i s t i l l a t i o n ,  was poured in to  w ate r  (400 m l.)
and e x t ra c te d  w ith  e th e r .  fhe e th e r e a l  s o lu t io n  was washed, 
d r ie d  (liFagSO^) and evapo ra ted , and th e  r e s id u a l  o i l  f r a c t i o n ­
a l l y  d i s t i l l e d .  A f te r  th e  fo re ru n  of unchanged 6 -c h lo ro -  
h ex y ld ie th y lam in e , b i s - 6 -diethylafflinohexyl su lph ide  was 
o b ta in ed  as a pa le  s traw -co lo u red  o i l ,  b .p .  208-209°C ./5 .5  mm., 
*49 1.4757 (13g*. 7 2 .5 * ) .
Found. 0 ,6 9 .6 ;  H ,12.3; F ,8 .1  per oen t; e q u i v . ( t i t r a t i o n ) 172.5.
^20^44^2^ re(lu i r e s  0 69 .7 ; H, 12.9; 1 ,8 .1  per c e n t ;  equ iv . 172*3.
P ih y d ro ch lo r id e  (from e th a n o l ) ,  m.p. 130.5-13^°0.
Found. C, 57.4; H, 11 .2 ; H, 6 .7  per  ce n t .
^20IJ4 6 ^ 2 ^ ^ 2  re<iu i r e s  57.5; H, 11 .1 ; N, 6 .7 per  c e n t .
B i s - 6 - ( l - p ip e r id y l ) - h e x y l  Sulphide was prepared  from 6-chloro~  
h e x y lp ip e r id in e  (9*8g .) by th e  method d escr ibed  f o r  b i s - 6 -  
d ie thy lam inohexyl su lp h id e , and was ob ta ined  as a  yellow  o i l ,  
b .p .  230-231°0./3  mm., n j 6*5 1.5022 (5 .7 g . ,  64*).
B lhydroch loride  (from e th a n o l - e th e r ) , m.p. 226r 5-227•5°C. 
Found. C, 59 .5 ; H, 10.5; 6.3  per  cen t.
C22H46^2SC12 re(lu i r e s  c > 5 9 .8 ;  H, 1 0 .5 ;  N, 6. 3  p er  c e n t .
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B i s - 1O-d ie thy lam inodecy l Sulphide was prepared; from 
10-ch loro  de cy ld ie thy lam ine  (I3*79g.)  By th e  method d esc r ib e d  
f o r  b is -6 -d ie th y lam in o h e x y l su lp h id e ,  and was o b ta in ed  as  a  
yellow  o i l ,  b .p .  275°C ./3 .5  mm., 1*4775 (5g*f 40$)
FouniL equiv  * ( t i t r a t i o n )  227*
^28H60^2S re(lu i r e s  equiv . 228.
B ihydroch loride  (from e th a n o l - e th e r ) ,  m.p, 141-142°C.
Found. C, 63 .4 ; H, 11 .4 ; H, 5 .2  p e r  ce n t.
°28H62N2SC12 re<lu i r e s  C, 63 .5 ; H, 11 .8 ; K, 5*3 p e r  ce n t .
B ia -10-(1- p i p e r i  dy1 ) -deoy l Sulphide was prepared  from 
10-O h io rodecy lp iperid ine  ( I 4 .4 g . ) by the  method d esc r ib ed  f o r  
b i s ~ 6 -diethy lam inohexyl su lp h id e , and was ob ta ined  as  a pale  
yellow  low -m elting  s o l id  (9*7g>, 75$)*
Found, equ iv . ( t i t r a t i o n )  186.5*
G^0H6o^ 2S re(lu i re 8  ©Q.uiv .  184.4
B ihydroch lo ride  (from e th a n o l - e th e r ) ,  m.p. 204-204*5°G.
Found. C, 64*4; H, 10.9; Iff, 5*1 p e r  c e n t .
G30H62^2SC12 re(lu i r e s  65*0; H, 11 *31 N, 5*1 p er  ce n t .
B i s - 6 -die thy lam inohexyl Sulphone.
Potassium permanganate (5$)i n  a c e t i c  ac id  (50$) was slowly 
added (20 m in .) to  an ic e - c o ld  s o lu t io n  of b i s - 6 -d ie thy lam iho- 
hexyl su lph ide  (1 .8 g .)  i n  a c e t i c  ac id  (50$. 5 m l.)  u n t i l  
p re se n t  i n  s l i g h t  excess . A fte r  a f u r t h e r  20 m inutes th e
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the s o lu t io n  was d ec o lo u r ised  w ith  su lp h u r  d io x id e ,  and 
evapora ted  to  dryness under reduced p re s s u re .  Sodium 
ca rbona te  s o lu t io n  was added to  make a lk a l in e ,  and th e  
s o lu t io n  was aga in  evapora ted  to  d ryness . The s o l id  
r e s id u e  a f t e r  continuous e x t r a c t io n  w ith  e th e r  and removal 
of s o lv e n t ,  gave on d i s t i l l a t i o n  b i s - 6- d ie thy lam inohexyl 
sulphone as  a c o lo u r le s s  l i q u i d ,  b .p .  220°C./3 mm., 
n£° 1.4743 (1 .7 5 g . ,  9055).
Pound. C, 63*4; H, 11 .6 ; Iff, 7*4 p e r  c e n t .
®2QS44°2^2® r e l̂lil,es C, 63. B; H, 11.8; H, 7*4 p e r  ce n t.
B ihyd roch lo ride  (from e th a n o l - e th e r ) ,  m.p. 139-140°G.
Pound. 0, 53*1; H, 10.3; 6 .2 ;  Cl, 15.8 per c e n t .
Cgo^sOgHgSClg r e q u i r e s  C 53*4;H 10.3;N 6.2;C1 15*8 p e r  cen t.
B i s - 6- ( 1 - p ip e r id y l ) -h e x y l  Sulphone was prepared  from 
b i s - ( l ^ p ip e r id y l ) - h e x y l  su lph ide  (1 .8 7 g . ) by th e  method 
d esc r ib ed  f o r  b i s - 6- diethylam inohexyl sulphone and was 
ob ta in ed  as  c o lo u r le s s  p l a t e s  (from e t h e r - p e t r o l ) , m.p.
5 0 .5-51°C. (1 .75g. 1 8655).
Pound. C,65*9; H, 11.3? H, 6 .9  per  ce n t .
^22®44^2®2S re(lu i r e s  C,65*9; H, 11 .1 ; N, 7*0 per  c e n t .
B ihydroch loride  (from e th a n o l- e th e r )  m.p. 191•5-192 .5°G. 
Pound. 01, 14.96 p e r  cen t .
C22H4 6 °2 N2SC12 re<l u ir e s  C l, 14*94 p er  c e n t .
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B is~1 Q~ d ie  th y  1 ami node cy l Sulphone was prepared  from 
b is -1 0 -d ie th y la m in o d ec y l  su lp h id e  (l«51g*) by th e  method 
d esc r ib ed  f o r  h i s - 6 -d ie th y l  ami no hexyl sulphone as  a low- 
m e lt in g  s o l id  ( l . 6 g . ,  97$) which gave a d ihyd rooh lo ride  
(from e th a n o l ) ,  m.p. 142 .5°C.
Found. C ,5 3 .7 jH,1 0 .8 ;H ,4 .9 ;0 1 ,1 2 .7  p e r  ce n t.
^28 ̂ 62^2^2^^* 2 r0(lu^r e s  C»59«8;H,1 1 .1 ;H ,5 .0 ; C l , 12.6 p e r  cen t.
Bi s - 10-(1 - p ip e r i  d y l ) -de cy l Sulphone was prepared from 
b i s - 1 0 - ( l - p i p e r i d y l ) - d e e y l  su lph ide  (2 .2 g .)  by th e  method 
d esc r ib ed  f o r  b is -6 -d ie th y lam in o h ex y l sulphone, and was 
o b ta in ed  as c o lo u r le s s  f la k e s  (from e t h e r ) ,  m.p. 74.5-75°C. 
(2 .4 g . crude, 100$).
Found. C, 7 0 .1 ;  H, 11.6} N, 5*4 p er  c e n t .
G3OH60^2^2S ̂ e<iuires C’ 7 0 .2 ; H, 11.8; N, 5*5 per  ce n t .
B ihydroch lo ride  (from e th a n o l - e th e r ) ,  m.p. 182°C.
Found. C ,61 .3 ;H ,10 .9 ;N ,4 .5 ;C 1 ,12 .1  p er  cen t.
®30®62^2^2®^2 re(lu^re s  C,61. 5;H, 10 .7 ;N ,4 .8}C 1,12.1 p er  cen t.
E th y l- f t -d ie th y la m in o p ro p io n a te .
E thy l a c r y l a te  (75g«) and d ie thy lam ine  (54-75g.) were 
mixed and l e f t  a t  room tem peratu re  f o r  fo u r  days. The 
l iq u id  was th e n  d i s t i l l e d  and e th y l-B -d ie th y lam in o p ro p io n a te , 
b .p .  87°C ./15 mm., 1.4290 ( I1 8 g .,  91$) was c o l le c te d .
Adamson(20k) r e p0 r -ks b .p .  8 7 -8 8 °C ./l5  mm.
94-
3 -Hydroxypropyldiethylam ine was p repared  by r e d u c t io n  of 
e th y l-f i-d ie th y la m in o p ro p io n a te  (8 2 g .) w ith  l i th iu m  aluminium 
h y d r id e , as  d esc r ib ed  under 6-hydroxyhexyld iethy lam ine. 
5-H ydroxypropyldiethylam ine was ob ta ined  as a c o lo u r le s s  o i l ,  
b .p .  81 ° 0 . / 1 5 nun., 1.4430 (50 .8 g . , 8 1 .8 $ ) .
v .  Braun^2- ^  r e p o r t s  b .p .  84°C ./20  mm.
3 -C hloropropy ld ie thy lam ine was prepared  from 3-bydroxypropyl- 
d ie thy lam ine  (5 0 .8 g .)  by the  method described  under 6 -c h lo ro -  
hexy ld i e thy  lam ine . 3 -C hloropropy ld ie thy lam ine was o b ta in ed
as a c o lo u r le s s  o i l ,  b .p .  62~65°C./16 mm., 1.4417
(49* 2 2 g ., 84*9$)*
y .  Marxer^2- ^  r e p o r t s  b .p .  53~57°C./12 mm.
Bi s—3 -di e th y 1amino pro py1 Sulphi de was prepared  from 3 -c h lo ro -  
p ropy ld ie thy lam ine  (36.51g*) by th e  method d esc r ibed  under 
b i s - 6 -d ie th y l  ami no hexyl su lp h id e . B is-3~die thy lam inopropyl
su lp h id e  was ob ta ined  as a c o lo u r le s s  o i l ,  b .p .  133~156°<3*/ 
2 .5 m m ., nj® 1.4758 (21.71g.* 6 8 .4$ ) . Andrew, B e rg e l,  and 
M orrison^^® ) g ive b .p .  8 0 -8 1 °C ./0 .03 mm., n ^  1.4731*
Pound, equ iv . ( t i t r a t i o n )  131*1 •
Calc, f o r  C1 4H32E2 S, e q u iv .150.1 .
D ihydrochloride  (from e th a n o l ) ,  m.p. 222.5-223*5°C.
Pound. H, 8 .5 ;  Cl, 21.4 p e r  cen t.
C^H^BSClg r e q u i r e s  H, 8 .4 ;  Cl, 21.3 Per cen t.
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B ia -5 -d ie thy lgm inopropyl Sulphone.
Method ( 2 ) . B i s - 3 ""diethyl ami no propyl su lp h id e
(3*52g.) was o x id ised  u s in g  potassium  permanganate i n  a c e t i c  
a c id  ( 50$) by th e  method described  under b i s - 6-d ie th y la m in o -  
hexy l sulphone. B is - 5 -d ie thy lam inopropy l sulphone was
o b ta ined  as a c o lo u r le s s  o i l ,  b .p .  186°C./3#5 mm., 
n | 4 ,5  1.4707, (3 *5 6 g ., 9056) .
found. 0 , 57.75; H, 10. 8 ; H, 9*5 p e r  c e n t .
CH ^ 2^2^2S re,lu i r e s  0 , 57.5 ; H, 11. 0 ; ft, 9*6 p e r  c e n t .
Bi hydro c h lo r id e , m.p. 186^5-187°0. Mixed m e lt in g  p o in t  
w ith  b i s - 3-d le th y lam in o propy l sulphone d ih y d ro ch lo r id e , 
p repared  by method ( 1) ,  186. 5- 187° 0 .
-9 6 -
■BXPBBIMBras WITH LITHIUM ALHEHYLS.
1 * 2 -Bibromoi so “butane
112 -Dlbromoiso b u tane  was prepared  by th e  method of 
Braude and Timmons . T e r t ia ry  b u ty l  a lco h o l (200 m l . ,  
2*15 m ole .)  was re f lu x e d  over a w a te r-b a th  w ith  o x a l io  ac id  
d ih y d ra te  (75g ., 0*6 m o le .) .  The i s o b u ty len e  th u s  produced 
was le d  o f f  from th e  top  of th e  r e f lu x  condenser and bubbled 
th rough  bromine ( 3 4 4 g . ) contained  i n  two v e s s e ls  connected 
i n  s e r i e s .  A f te r  7 hours th e  co lour  of the  bromine had 
been d ischarged  and bo th  l iq u id s  were only  f a i n t l y  yellow  i n  
co lo u r .  They were mixed and d i s t i l l e d .  The f r a c t i o n  b o i l ­
in g  between 146° and 160°0. was c o l le c te d  (205g., 32$ ) ,
i q  c
n D 1*5145, and used w ithout f u r t h e r  p u r i f i c a t i o n  i n  th e  
n e x t  s e c t io n .
Braude and Timmons^20^  r e p o r t  b .p .  152°C., 1*5078 f o r
1 1 2 -dibromo i s o  b u ta n e .
i s o Butenyl Bromide.
1t 2 -Dibromoisobutane (112g .) was added to  a s t i r r e d  ho t 
s o lu t io n  of potassium  hydroxide (3 2 .5g .)  i n  a  m ixture o f  
e th an o l (156 m l.)  and w ater (12.5 m l.)  a t  a r a t e  s u f f i c i e n t  
to  m a in ta in  g en t ly  r e f lu x in g .  The m ixture was then  
re f lu x e d  f o r  a f u r th e r  7 hours and allov^ed to  cool o v e rn ig h t .
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A f te r  f i l t e r i n g  o f f  th e  potassium  bromide, the  l i q u i d  was 
poured in to  w ater  (1 1 . )  and e x t ra c te d  w ith  e th e r .  The 
e t h e r e a l  e x t r a c t s  were washed, d r ied  (CaClg) and d i s t i l l e d  
u s in g  a  Fenske column (6 tt) ,  th e  f r a c t i o n  b o i l i n g  between 
91° and 92°C. be ing  c o l le c te d .  A sm all p iece  o f  sodium was 
added to  th e  d i s t i l l a t e  which was then  r e d i s t i l l e d ,  and th e  . 
f r a c t i o n  b o i l in g  a t  91-92°C. was c o l le c te d ,  (22.85g.> 33*2$), 
a],7 1.4590.
Braude and Timmons r e p o r t - ^ p .  91-91.3°C.
i s o Butenyl L ith ium .
E ther (100 m l. ,  sodium d r ie d )  was p laced i n  a  3-neck  
f l a s k  (500 m l.)  f i t t e d  w ith  s t i r r e r ,  r e f lu x  condenser and 
dropping  fu n n e l .  Lithium ( l . 7 g . ) ,  cu t in to  sm all p ie c e s  
was th e n  added. isoBu te n y l  bromide (18g.) i n  e th e r  (10 m l.)  
was p laced  i n  th e  dropping funne l and about one t e n th  of  the  
s o lu t io n  was run in to  the  f l a s k  and th e  m ixture  s t i r r e d .
The r e a c t io n  s t a r t e d  i n  about 20 min. and th e  e th e r e a l  so lu ­
t i o n  was th en  r e f lu x in g  g en t ly .  The rem ainder of  th e  so lu ­
t i o n  o f  iso b u te n y l  bromide was then  added slowly (1 hour) a t  
a  r a t e  s u f f i c i e n t  to  m a in ta in  re f lu x in g ,  and th e  m ixture  
re f lu x e d  f o r  a f u r t h e r  2 hours. The s o lu t io n  was f i l t e r e d  
*>y su c t io n  in to  a graduated  v e s se l  under an atmosphere of 
n i t r o g e n ,  and th e  amount o f  i jo b u te n y l  l i th iu m  es tim ated  by 
th e  fo llo w in g  method. The so lu t io n  (1 m l.)  was p ip e t te d  
in to  w ater (10 m l.)  and the l i th iu m  hydroxide th u s  produced
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was e s t im a te d  by t i t r a t i n g  a g a in s t  s ta n d ard  (H/10) 
h y d ro c h lo r ic  a c id ,  u s in g  methyl orange as  i n d i c a t o r .
Attempted P re p a ra t io n  o f  D i isob u teny l Sulphoxide .
E th y l s u lp h i te  (8 g . ) was added slow ly (1 hour) to  a 
s t i r r e d  s o lu t io n  o f  i s o - b u teny l l i th iu m  (5»25g») i n  e th e r  
(500 m l , ) .  The s o lu t io n  tu rned  an orange co lo u r .  A f te r  
s t i r r i n g  f o r  a f u r t h e r  30 & in .,  th e  m ix ture  was decomposed 
by th e  a d d i t io n  of  ammonium c h lo r id e  (20g . ) as a s a tu ra te d  
i c e - c o ld  s o lu t io n .  The e th e r e a l  l a y e r ,  a f t e r  washing and 
d ry in g  (EagSO^), was evaporated  under reduced p re s su re  to  
y i e ld  a reddish-brow n l i q u i d  ( 2 .3 g . ) ,  n f  1.5370. 
D i s t i l l a t i o n  a t  130-140°0. (b a th ) /2  mm. y ie ld e d  a sm all 
q u a n t i ty  of  yellow  l i q u i d ,  *§5 , . 4960, i n s u f f i o i e n t  f o r
c h a r a c te r i  s a t i  on.
n - B u ty l l i th iu m  was prepared from n -b u ty l  bromide by th e  
method d esc r ib ed  under iso b u te n y l l i th iu m .
Attempted P re p a ra t io n  of P i - n -b u ty l  Sulphoxide.
E thyl s u lp h i te  ( 1 .4 g . ) i n  e th e r  (40 m l.)  was added 
slow ly ( 20-30 m in .)  to  a s t i r r e d  ic e - c o ld  s o lu t io n  of 
n -b u ty l l i th iu m  (1 .2 8 g .)  i n  e th e r  (100 m l . ) .  S t i r r i n g  was 
then  con tinued  w ith  the  s o lu t io n  a t  room tem perature  f o r  3 
hours . The m ixture  was decomposed by the  a d d i t io n  of 
ammonium c h lo r id e  (4g . ) as a sa tu ra te d  ic e - c o ld  s o lu t io n .
-9 9 -
The e t h e r e a l  l a y e r ,  a f t e r  washing and d ry in g  (HagSO^), was 
evaporated  under reduced p re ssu re  to  y ie ld  one o r  two drops 
of go lden-ye llow  l i q u i d .  3?his showed some s ig n s  of 
o r y s t a l i i  s in g  on s ta n d in g  i n  a vacuum d e s io o a to r ,  and may 
have heen th e  re q u ire d  su lphox ide , h u t th e  y i e ld  was too 
poor and th e  p roduct was n o t f u r t h e r  in v e s t ig a te d .
—1QO—
ATTEMPTED BROMINATION Off P I -n~BUTYL SULPHONE
B l-n -b u ty l  Sulphone*
D i-n -h u ty l  su lphox ide (1.487g*) was d is so lv e d  i n  a c e t i c  
a c id  (5 m l*), and an excess o f  30$ hydrogen perox ide  (2 m l.)  
was added. The s o lu t io n  was heated  to  100°C. f o r  2 hou rs , 
cooled , and poured in to  w ater (25 m l . ) .  A f te r  n e u t r a l i s a ­
t i o n  w ith  sodium carbonate  s o lu t io n ,  the  p r e c i p i t a t e d  
sulphone was e x t ra c te d  w ith  benzene, washed, d r ie d  (KagSO^), 
and th e  so lv e n t  removed under reduced p re s s u re .  BL-n- 
b u ty l  sulphone was ob ta ined  as p la te s  (from w a te r ) ,  m.p.
44°G. ( l# 3 7 g .,  83*8$). Wood and T ra v e rs (2556) r0 pOrj. 
m.p. 44°C.
Attempted Brom ination of P i -n - b u ty l  Sulphone.
B i-n -b u ty l  sulphone (l*37g*) was d is so lv e d  i n  carbon 
t e t r a c h l o r i d e  (15 m l.)  i n  a f l a s k  f i t t e d  w ith  a  s t i r r e r ,  
r e f lu x  condenser, and dropping fu n n e l .  Powdered red  
phosphorus (0 .1 g .)  was then  added, fo llow ed by bromine (2.43g) 
i n  carbon t e t r a c h lo r id e  (15 m l.)  and th e  m ixture was r e f lu x e d  
f o r  6 hours . On coo ling , the  s o lu t io n  was washed w ith  
sodium carbonate  s o lu t io n ,  and then  w ith  w ater, d r ied  (HagSO^) 
and evapora ted  to  dryness . The re s id u e  was a  y e l lo w ish -  
brown s o l id ,  which, when r e c r y s t a l l i s e d  from w ate r  was 
i d e n t i f i e d  as unchanged d i- n -b u ty l  sulphone.
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B IS-3-BIBTRYLAMIH0PR0P-1 - EKYL SULPHQffB
B i s - 2 1 5 -dibromopropyl Sulphone.
A s l i g h t  excess  o f  bromine (36g.) was added slow ly  to  
a h o t s t i r r e d  s o lu t io n  of d i a l l y l  sulphone (1 6 ,3g*) i n  
carbon t e t r a c h l o r i d e  (250 m l . ) .  The s o lu t io n  remained 
c o lo u r le s s  d u r in g  the  a d d i t io n  of th e  bromine u n t i l  th e  end, 
when i t  was re d d ish  i n  co lo u r .  The so lv e n t  was d i s t i l l e d  
o f f  under reduced p re s s u re ,  and th e  r e s id u e  r e c r y s t a l l i s e d  
from carbon t e t r a c h lo r id e  as w h it is h  c r y s t a l s  (47g*> 9 2 .5$ ) . 
I t  was f u r t h e r  r e c r y s t a l l i s e d  to  give c o lo u r le s s  n e e d le s ,  
m.p. 99~100°C. lew in re p o r ts^ ^ ® ^  m.p. 98-10G°C.
B is - 5-bromoprop- 1- enyl Sulphone.
B is-2*3-3ibrom opropyl sulphone (4 6 .6 g . ) was d isso lv ed  
i n  ho t benzene (160 m l . ) .  P y rid ine  (17 m l.)  was slow ly 
added to  th e  s t i r r e d  ho t s o lu t io n  (15 m in .), and th e  m ix ture  
r e f lu x e d  f o r  a f u r th e r  30 m inutes. When co ld , th e  benzene 
s o lu t io n  was washed w ith  w ater, d r ied  (UagSO^), and 
evapora ted  under reduced p ressu re  to  y ie ld  a mass of  yellow ­
i s h  c r y s t a l s  (crude y ie ld  18 .6 g . , 61$). R e c r y s ta l l i s a t io n  
from carbon t e t r a c h lo r id e  gave c o lo u r le s s  n eed les  of  
b i s - 3 -bromoprop~1 -enyl su lphone, m.p. 73-74°C.
Pound. C, 23 .8 ; H, 2 .9 ; Br, 52.7 per ce n t .
G6i%°2SBr2 re(lu i r e s  c ’ 23-7; H, 2 .7 ; Br, 52.6 per  cen t.
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B ls - 5 -d ie th y lam in o p ro p -1- enyl Sulphone P ih y d ro c h lo r id e .
Bis~3-brom oprop-1-enyl sulphone (3«65g*) was d is so lv e d  
i n  h o t benzene (55 m l , ) .  BLethylamine (7 m l.)  was added 
and th e  m ix tu re  re f lu x e d  f o r  15 m inutes. When co ld , th e  
benzene s o lu t io n  was washed w ith  w ater (to  remove d i e th y l -  
amine hydrobrom ide), d r ied  (Ha^SO^), and evaporated  under 
reduced p re s s u re .  The r e s id u a l  o i ly  base was d is s o lv e d  in  
d i l u t e  h y d ro c h lo r ic  a c id ,  and th e  s o lu t io n  c a u t io u s ly  
evapora ted  under reduced p re s su re .  The s e m i- c r y s ta l l in e  
r e s id u e ,  r e c r y s t a l l i s e d  from e th a n o l ,  gave c o lo u r le s s  
n e e d le s  of b i s - 5 - d i ethy lam inoprop-1~enyl sulphone d ihydro- 
c h lo r id e  (2 .3 g . ,  53$), m.p. 192-193°C.
Found. 0, 46 .5 ; H, 7 .7 ;  01, 19*8 p er  cent.
G14B30G2^2^G12 re(lu i r e s  G, 46 .5 ; H, 8 .4 ;  Cl, 19.6 per  cen t.  
The correspond ing  d ip ic r a t e  had m.p, 188-189°0 .(decomp.)
Found. 0, 4 2 .2 j H, 4 .3  P®** ce n t .
G26H34°16N8S r e q u i r e s  C, 41 .8 ; H, 4 .6  per  cen t.
Attempt to  C ata lyse  th e  Uptake of Bromine by B is- 3 - bromo- 
p ro p -1- eny l Sulphone by means of Lithium  Bromide.
S o lu tio n s  of bromine (25 ml. M/40), l i th iu m  bromide 
(25 ml. M/20) and bis-3-brom oprop~1-enyl sulphone (25 ml.
M/80) i n  g l a c i a l  a c e t i c  ac id  were mixed i n  a  s toppered  f l a s k .  
An a l iq u o t  p o r t io n  (10 m l.)  was p ip e t te d  in to  a t i t r a t i o n
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f l a s k ,  excess  potassium  Io d id e  s o lu t io n  was added, and th e  
l i b e r a t e d  io d in e  was t i t r a t e d  a g a in s t  s ta n d ard  (H/80) sodium 
th io s u lp h a te  s o lu t io n .  Repeat e s t im a t io n s  were c a r r ie d  ou t
a t  i n t e r v a l s  over a  p e r io d  o f  5 hours . The r e s u l t s  showed 
t h a t  no uptake of bromine by b i s ^ - k r o ^ P r o p - l - e n y l  sulphone 
had tak en  p la c e .
Hydrogenation o f  B is -5 -bromop ro p -1 -enyl Sulphone.
Bis-3~brom oprop-1-enyl sulphone (1-011 g . ) was d is so lv e d  
i n  dry e th an o l  (30 m l . ) ,  p la tinum  oxide (0 .1005g.) was added, 
and hydrogenation  c a r r ie d  ou t f o r  21 hours . The up take of 
hydrogen was e q u iv a le n t  to  fo u r  moles, i n d ic a t in g  t h a t  
hydrogenation  was accompanied by hydrobrom inolysis . The 
r e a c t io n  m ix ture  was f i l t e r e d ,  and t r e a te d  w ith  a c t iv a te d  
ch a rco a l to  remove th e  c o l lo id a l  p r e c i p i t a t e  o f  p la tinum . 
E vapora tion  under  reduced p re ssu re  y ie ld ed  a reddish-brow n 
l i q u i d  which d id  n o t  c r y s t a l l i s e  i n  a vacuum d e s ic c a to r .  
Attempts to  r e c r y s t a l l i s e  i t  from e th e r  were u n su c c e s s fu l .
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EXPBRIMEHTS CONNECTED WITH THE ATTEMPT TO PREPARE 
B IS-5-DIET HYLAMI NOPROP-1 - ENYL SULPHIDE
B i s - 2t5-*d ib ro m o p ro p y l  S u l p h i d e .
B L a l ly l  s u l p h i d e  (1 4 .3 3 ^ * )  was d i s s o l v e d  i n  c a rb o n  
t e t r a c h l o r i d e  (100 m l . ) .  A s l i g h t  e x c e s s  o f  b rom ine  (41g#) 
i n  c a rb o n  t e t r a c h l o r i d e  ( 3 0  m l . )  was s lo w ly  added t o  th e  
s t i r r e d  s o l u t i o n .  Heat was e v o lv e d .  The s o l v e n t  was 
removed u n d e r  re d u c e d  p r e s s u r e ,  and t h e  r e s i d u e  was 
r e c r y s t a l l i s e d  tw ic e  from  ca rb o n  t e t r a c h l o r i d e  a s  w h i te  
n e e d l e s ,  m .p .  92-93*5°C. (31g-» 5 6 .3 $ ) . M o E ltt r lo k f257  ̂
g i v e s  m .p .  9 4 -9 5 .5°C.
Found. Br, 73*9 P@* c e n t .
C a lc ,  f o r  C gH ^SB r^ , B r ,  73*7 P®* c e n t .
pehydrobrom ination of B i s - 2 s3 -dibromopropyl S u lp h id e .
Method (1) .  B is-2*3-dibrom opropyl su lph ide  (1 5 g .) was 
d isso lv e d  in  a m ix tu re  of  e th e r  (100 m l.)  and e thano l (40 m l.)  
and th e  s o lu t io n  warmed. Potassium hydroxide (4g*; t h e o r e t i ­
c a l  3 .8 7 g .)  d isso lv ed  in  a m ixture of w ater (3 m l.)  and 
e th an o l (20 m l.)  was added slowly w ith  s w ir l in g .  On coo ling ,
th e  m ix tu re  was poured in to  w ater (400 m l.)  and e x t ra c te d
w ith  e th e r .  The e th e re a l  e x t r a c t s ,  a f t e r  washing, and 
d ry ing  (NagSO^), y ie lded  on removal o f  so lv e n t  a golden-brown 
l i q u i d  (10. 2 2 g .) .
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D i s t i l l a t i o n  o f  a p o r t io n  o f  t h i s  l i q u i d  ( 8 .1 3 g .) 
y ie ld e d  two f r a c t i o n s i -
(a) A m ix tu re  o f  b i s - 3 -bromoprop-2 -enyl su lp h id e  and 
5 -bromo p ro p -2 -enyl 2-bromoprop-2Aenyl su lp h id e  as  a s traw -  
co loured  l i q u i d ,  b .p .  125-130°C .(ba th )/4  mm., n^8#^  1.5990 
(3 * 6 g .) .  n^p 1.5975 a f t e r  r e d i s t i l l a t i o n .
Found. Br, 58.5 per cen t .
G6 % 8Br2 re<lu:^r e s  58.8 p er  ce n t.
The mixed d ibrom osulphides (1 .0215g.) i n  chloroform  (25 m l.)  
were ozonised f o r  1 hour, th e  so lv en t removed under  reduced 
p re s s u re  a t  low tem p era tu re , and th e  o i ly  product hydro lysed  
by r e f lu x in g  f o r  30 mins. w ith  w ater (40 m l . ) .  Steam 
d i s t i l l a t i o n  and t re a tm en t of th e  s t e a m - d i s t i l l a t e  w ith  
dimedone y ie ld e d  th e  formaldehyde dimedone d e r iv a t iv e  
( .2 1 1 0 g . , 19-3$ o f  t h e o r e t i c a l  f o r  1 v in y lid e n e  group). 
Treatm ent of th e  re s id u e  a f t e r  steam d i s t i l l a t i o n  w ith  n i t r i c  
ac id  (1 m l.)  and an excess of s i l v e r  n i t r a t e  s o lu t io n  y ie ld ed  
s i l v e r  bromide (0 .9 2 g . ,  65.2$ of t h e o r e t i c a l  f o r  2 v in y l i c  
b ro m id es) .
(b) 2 1 3 - dibromopropyl 3 -bromoprop-2-enyl su lph ide  as  a yellow  
l i q u i d ,b .p .  118-119°C ./0 .75  mm., n^8 **^ 1.6123 (3*5g*).
Found, Br, 69*3 Pe r  cen t.
CgHgSBr^ r e q u i r e s  Br, 67*9 per  cen t.
-1 0 6 -
O zonolysis o f th e  tr ib ro m o su lp h id e  (0 .9436g .) a s  above 
y ie ld e d  form aldehyde dimedone d e r iv a t iv e  i n  on ly  low y ie ld  
(0.0227g»> 2 .91$ o f th e o r e t i c a l  f o r  1 v in y lid e n e  g ro u p ), and 
hydrobrom ic a c id  (as s i l v e r  brom ide, 0 .5 0 2 g ., 91 .64$  o f 
th e o r e t i c a l  f o r  1 v in y l ic  brom ide).
Method ( 2 ) . B is-  2*3-dibromo propyl su lp h id e  (1 1 .7 5 g .) was 
d is so lv e d  in  a m ix tu re  o f benzene (50 m l.)  and e th an o l (20 
m l .) .  A s l i g h t  excess o f potassium  hydroxide i n  e th an o l 
(63 m l. o f 0.8608 N /1} th e o r e t ic a l  62.91 m l.)  was added 
slow ly  to  th e  cold  s t i r r e d  s o lu t io n . A fte r  s t i r r i n g  f o r  a 
f u r th e r  10 m inu tes, th e  potassium  bromide was f i l t e r e d  o f f ,  
and the  b u lk  o f th e  so lv e n t removed by d i s t i l l a t i o n .  The 
r e s id u a l  l iq u id  was poured in to  w ater (120 m l.) and e x tra c te d  
w ith  benzene. A fte r  d ry in g  (NagSO^) and removal o f th e  
s o lv e n t,  th e re  remained a m ixture of b i s - 5 -bromoprop~2-eny l 
su lp h id e  and 5 -bromoprop-2 -enyl 2 lbrom oprop-2^eny1 s u lp h id e ,
a | °  1.5942 (7 .0 8 6 g ., 9 5 .2 $ ), which d i s t i l l e d  a t  96 -97°C ./
201*5 mm. as a  s traw -co lo u red  l iq u id ,  n£ 1.5961.
I n te r a c t io n  of a M ixture o f B is -5 -bromoprop-2 -enyl Sulphide 
and 3- Br omo pro p- 2- eny l 2Abromo pro p -2-̂  eny l Sulphide w ith  
D ie thy lam ine .
The m ix tu re o f dibromo su lp h id es  (9*5g*) in  benzene (120 
m l.)  were re f lu x e d  f o r  1 hour w ith  excess d ie thy lam ine (25 m l).
The m ix tu re  was evapo ra ted  to  d ry n ess , e x tra c te d  w ith  
benzene, washed w ith  w ate r ( to  remove d ie th y lam in e  hydro­
b rom ide), and th e n  e x tra c te d  w ith  d i lu t e  h y d ro c h lo r ic  a c id  
(to  s e p a ra te  th e  b a s e ) .  The a c id  aqueous e x t r a c t  was made 
a lk a l in e  w ith  sodium hydroxide s o lu t io n ,  e x tra c te d  w ith  
benzene, washed w ith  w a te r , d r ie d  (NagSO^), and th e  so lv e n t 
removed u nder reduced p re s su re  to  y ie ld  a  ye llow  l iq u id  
(5 .4 2 g .)• T his was d i s t i l l e d  tw ice a t  1 2 3 -1 2 8 °0 .( b a th ) /
5*5 ®m* to  g ive  5 -brom oprop-2 -eny l d ie thy lam inoprop - 2 - e n y l
su lp h id e  a s  a  c o lo u r le s s  l iq u id ,  n ^  1*5300.
Found, eq u iv . ( t i t r a t i o n )  265*6; N, 5 .2  p e r  c e n t.  
O ^ E ^ E S S r r e q u ir e s  eq u iv . 264 .2 ; N, 5*3 p e r  c e n t.
The base (0 .6 7 9 g .) was o zo n ised , a s  d esc rib e d  f o r  th e  m ix tu re  
o f d ib rom osu lph ides, and th e  ozonide was hydro lysed  to  y ie ld  
fo rm aldehyde, i s o la te d  as  th e  dimedone d e r iv a t iv e  (0 .0973g. 
15*24$ o f  th e o r e t i c a l  f o r  1 v in y lid e n e  g ro u p ), and hydro- 
brom ic a c id  (no t e s tim a te d ) .
The benzene e x t r a c t  (n o n -b asie )  was washed, d r ie d  
(HagSO^)) and evapo ra ted  under reduced p re s su re  to  y ie ld  a  
yellow -brow n l iq u id  (2«69g*)» which d i s t i l l e d  a t  12O-125°0. 
(b a th ) /3 * 5  mm. to  y ie ld  b i s - 3 -bromop ro p -2-e n y l su lp h id e  as  a  
s traw -co lo u red  l iq u i d ,  n | °  1*5958.
Found. 0, 2 6 .5 ; H» 5*15 P®* ®®nt.
CgBQSBrg r e q u ir e s  0, 26*5; H, 3*0 P®* c e n t.
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Ozono l y s i s  o f b is-3 -b ro m o p ro p -2 -eny l su lp h id e  (0 .9 6 2 g .)  
y ie ld e d  on ly  a t r a c e  o f form aldehyde (e s tim a ted  as dimedone 
d e r iv a t iv e ,  n o t w eighed), and hydrobromic a c id  (e s tim a ted  
by co n version  to  s i l v e r  bromide -  1.125g*, 84*8$ o f  t h e o r e t i ­
c a l  f o r  two v in y l ic  bromine atoms ) .
T reatm ent o f B is -3- brom oprop-2 -enyl Sulphide w ith  A ce tic  
Acid S o lu tio n .
B is-3~brom oprop-2-enyl su lph ide  (1 .0 9 3 g .) g la c ia l  
a c e t i c  a c id  (15 m l.)  and w ater (1 .5  m l.)  was h ea ted  f o r  1 
hour over a b o i l in g  w a te r-b a th . The s o lu t io n  tu rn ed  dark - 
red  i n  c o lo u r. I t  was poured in to  w ater (60 m l.)  to  y ie ld  
an o p a le sc en t s o lu t io n . P a r t i a l  n e u t r a l i s a t io n  by th e  
a d d i t io n  o f sodium hydroxide so lu t io n  (20$) made th e  l iq u id  
c loudy . E x tra c t io n  w ith  benzene, w ashing, and d ry in g  
(NagSO^) y ie ld e d , a f t e r  removal o f th e  so lv e n t, a re d d is h -  
brown l iq u id  which was d i s t i l l e d  a t  9 5 -1 0 0 °0 .(b a th )/0 * 3 5  mm.
1 Aas  a  yellow  o i l ,  n^  1.5603* (0 ,2 6 6 g .) . The su bstance  
reduced T o lle n ’s re a g e n t, b u t did n o t b r in g  back th e  co lo u r 
to  S c h i f f 's  re a g e n t. On h e a tin g  w ith  Peh ling*s s o lu t io n  
any re d u c tio n  was masked by th e  fo rm atio n  of a b lack  p re c ip i­
t a t e ,  presum ably copper su lph ide  produced by decom position of 
th e  compound. With sodium hydroxide s o lu t io n  a  p le a sa n t 
odour was d e te c te d  a t  f i r s t  although  th e  s o lu t io n  ra p id ly  
r e s i n i f i e d .  These re a c tio n s  seemed to  in d ic a te  th a t  the 
substance was b is -3 -a c e to x y p ro p -2-enyl su lp h id e , b u t i t
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darkened in  co lo u r r a p id ly  due to  decom position and no 
a n a ly t i c a l  f ig u re s  could  be o b ta in ed .
The aqueous l iq u id  from the e x t r a c t io n  y ie ld e d , on 
a c id i f i c a t i o n  w ith  n i t r i c  a c id  and a d d i t io n  o f ex cess  s i l v e r  
n i t r a t e  s o lu t io n , a  p r e c ip i t a t e  o f s i l v e r  bromide ( l* 3 6 9 g .* 
e q u iv a le n t to  90.65$ th e o r e t ic a l  f o r  two v in y l ic  bromine 
a to m s).
A ttem pts to  condense B is -5 -bromoprop-2 -eny l Sulphide w ith  
D ie thy lam ine .
Method ( 1 ) . B is-3-brom oprop-2-eny l su lph ide  (1 g .) i n  
benzene (20 m l.)  was re f lu x e d  fo r  2 hours w ith  d ie thy lam ine 
(2 .5  m l.)  and allow ed to  s tan d  o v ern ig h t a t  room tem p era tu re . 
The l iq u id  was evaporated  to  d ry n ess , e x tra c te d  w ith  benzene, 
washed w ith  w a te r, and th en  e x tra c te d  w ith  d i lu te  hydro­
c h lo r ic  a c id . The benzene la y e r  a f t e r  washing and d ry ing
(NagSO^) y ie ld e d , on removal of s o lv e n t, unchanged b is -3 -
20brom oprop-2-enyl su lp h id e , n j  1.5959* The ac id  aqueous 
e x t r a c t  was made a lk a l in e  w ith  sodium hydroxide s o lu t io n  and 
e x tra c te d  w ith  benzene, and th e  l a t t e r  s o lu t io n  y ie ld e d , 
a f t e r  washing w ith  w ate r, d ry ing  (NagSO^), and ev ap o ra tio n  
o f  th e  s o lv e n t,  one o r two drops o f base as a red  l iq u id ,  
n 22,5 1.5268.
Method ( 2 ) . B is-3-brom oprop-2 -eny l su lp h id e  (3 .6 3 g .)  
was heated  w ith  d ie thy lam ine (6 m l.)  a t  130-140°C. f o r
110-
2 .5  hours i n  a bomb (40 ml*)* On co o lin g  and e x t r a c t io n
(as i n  method (1) ) th e  b u lk  o f th e  s t a r t i n g  m a te r ia l ,
20 1.5956 , was o b ta in ed  to g e th e r  w ith  t r a c e  amounts o f 
b a se , n 20 1.5278.
5 -Broiftoprop-2- enyl 2-̂ d i e thy lam ineprop-2Lenyl Sulphone.
3-Brom oprop-2-enyl 2-^di e th y 1am inoprop-21en y l su lp h id e  
(1 g .)  was d isso lv ed  in  g la c ia l  a c e t ic  ac id  (15 m l.)  and th e  
s o lu t io n  cooled to  below 5°0. S o lu tio n  o f hydrogen perox ide 
(30$ , 3 ^ •) was added slow ly  w ith  s t i r r i n g  to  th e  se m i-so lid  
mass, and th e  r e a c t io n  m ix ture was allow ed to  s tan d  o v e rn ig h t 
a t  room tem p era tu re . The s o lu t io n  was th en  heated  to  80- 
85°0 . f o r  1 hour, allow ed to  coo l, and poured in to  w ater 
(50 m l .) .  A s l i g h t  excess o f sodium hydroxide s o lu t io n  
(20$) was added, and th e  l ib e ra te d  base was e x tra c te d  w ith  
benzene. The benzene e x t r a c ts  were washed and d ried  
(®fa2S0^), and th e  so lv e n t removed under redueed p re ssu re  to  
y ie ld  a yellow  o i l .  D i s t i l l a t i o n  a t  1 6 0 ° C .(b a th ) / l .4  mm. 
y ie ld e d  3 -b r0mopr0p - 2 -enyl 2 ld ie thy lam inop rop -2Lenyl sulphone 
as  a  p a le  yellow  o i l  (0 . 52g . ,  29*2$), 1*5343*
Wt. p e r  m l. a t  19°C. 1 .284 .
Found, equ iv . ( t i t r a t i o n )  294.3? 4*6 p e r c e n t.
C^H^OgNSBr re q u ire s  equ iv . 296.2; N, 4*7 p e r  c e n t.
O zonolysis o f th e  bawe (0 .2 7 g .) y ie ld ed  form aldehyde (0*0336* 
of form aldehyde dimedone d e r iv a t iv e ;  12*58$ o f th e o r e t i c a l
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f  o r  1 v in y lid e n e  g roup ), and hydro bromic a c id  (n o t 
e s t im a te d ) .
O x idation  o f  th e  M ixture o f B js -5 -bromoprop-2-e n y l  Sulph ide 
and 5 -Bromoprop-2 -eny l 2-brom oprop-2 -eny l S u lp h id e .
The m ix tu re  o f dibromo su lp h id es  (5*6 l4g .) in  g la c ia l  
a c e t i c  a c id  (70 m l.)  was o x id ise d , as d esc rib ed  in  th e  
p re p a ra t io n  o f 3~kroffioprop~2--enyl 2 -d ie th y lam in o p ro p -2 -en y l 
su lphone, by means o f a s o lu t io n  o f hydrogen perox ide (30$,
14 m l .) ,  poured in to  w ater (300 m l .) ,  and e x tra c te d  w ith  
benzene to  y ie ld  a m ix ture  which in c lu d ed  b i s - 5 -bromoprop-
2 -eny l su lp h o n e , 1-brom oprop-2 -enyl 2-brom oprop-2-eny l 
sulphone and b i s - 1 -bromoprop-2 -enyI su lp h o n e , as a yellow  
o i l  to g e th e r  w ith  some c r y s ta l l in e  m a te r ia l  (5»467g*),
B24*5 1.5683.
R eac tio n  of th e  Mixed Dibromo sulphone s w ith  Pi e th y l am ine.
The mixed dibrom osulphones (5«45g«) from th e  above 
r e a c t io n ,  ih  benzene (50 m l.) ,  were t r e a te d  w ith  d ie thy lam ine  
(7 m l . ) ,  and warmed on a ho t w a te r-b a th  f o r  5 m inu tes. A fte r  
removing th e  so lv e n t under reduced p re s s u re , the  re s id u e  was 
washed w ith  w ater and e x tra c te d  w ith  benzene. The b a s io  
f r a c t io n  was sep a ra te d  by e x tra c t io n  w ith  d i lu t e  h y d ro ch lo ric  
a c id , b a s ify in g  th e  aqueous e x t r a c t  by means of sodium 
hydroxide s o lu t io n ,  and e x t ra c t in g  w ith  benzene.
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B asic  f r a c t i o n . Red o i l  (2 .2 9 6 g .) ,  n ^ 4 1*5110.
Found, eq u iv . ( t i t r a t i o n )  247*6,
C^HggGglfgS re q u ir e s  eq u iv . 144 .2 , and
G10B18°2^SBr re<lu i r e s  ®quiv. 296.2 .
The crude mixed b ases (1.131®*) were d i s t i l l e d  a t  170-175°C. 
(b a th ) / l* 7  mm. to  y ie ld  1- d ie th y lam in o p ro p -2- eny l 2- bromoprop- 
2^ eny l sulphone as a yellow  o i l  (0 . 45336* )> &£4 1*5188. 
C onsiderab le  decom position had occurred  in  th e  d i s t i l l a t i o n  
f l a s k .  Wt. p e r m l. a t  19°C. 1. 307.
Found, eq u iv . ( t i t r a t i o n )  295 .35 N, 4 .9  p e r c e n t,
C^QH^QOgNSBr r e q u ir e s  equ iv . 296. 2 ; N, 4 .7  p e r  c e n t.
O zonolysis o f th e  base (0 .2 4 7 g .) y ie ld ed  form aldehyde (as 
dimedone d e r iv a t iv e ,  0 . 0386g . ,  7 . 92$ of th e o r e t i c a l  f o r  2 
v in y lid e n e  g ro u p s), and hydrobromic ac id  (not e s tim a te d ) .
The crude mixed bases (0 .2 g .)  were d isso lv ed  in  d i lu te  
h y d ro c h lo ric  ac id  and evaporated  to  dryness under reduced 
p re s s u re . The re s id u e  gave a sm all y ie ld  o f w h itish  
c r y s t a l s ,  m .p. 189-190°C. from e th a n o l-e th e r ,  in s u f f i c i e n t  
f o r  r e c r y s t a l l i s a t i o n .  (Mxed m elt w ith  b i s - 3-d ie th y lam in o - 
p ro p -1-e n y l sulphone d ih y d ro ch lo rid e  (m.p. 192- 193°C*) was 
depressed  to  176-179°C .). The low v alue  o f  e q u iv a le n t 
w eight o b ta in ed  from th e  rem ainder o f th e  crude c r y s ta l s  
in d ic a te d  th a t  th e  substance  was p o ss ib ly  b i s - 1-d ie th y lam in o - 
p ro p -2-e n y l sulphone d ih y d ro c h io r id e .
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B on-basic  f r a c t i o n .
T his was o b ta in ed  from th e  benzene s o lu t io n  from  which 
th e  base had been e x tra c te d  as a reddish-brow n o i l  
c o n ta in in g  some c r y s ta l l i n e  m a te r ia l  (2 .2 4 g .) ,  a ^ 4 1.5624.
D i s t i l l a t i o n  o f th e  o i l  y ie ld ed  two f r a c t io n s  -
(a) A y e llo w ish  l iq u id ,  b .p . 160-165°C. (b a th ) / l* 3  mm. 
( l .2 g . )  which s o l id i f i e d  on co o lin g . I t  was sep a ra ted  
from  t r a c e s  o f o i l  by p ass in g  th rough  a column o f alum ina 
in  e th e r  s o lu t io n . The c r y s ta l l in e  m a te r ia l  was i s o la te d  
from th e  e a r l i e r  f r a c t io n s  and r e c r y s ta l l i s e d  s e v e ra l tim es 
from l i g h t  petro leum  (40-60°C .) to  y ie ld  b i s - 5 -bromoprop-2 -  
eny l sulphone as w hite p la te s ,  m.p. 65 .5-66 .5°C .
Found C, 25.85 H, 3*0; Br, 52.15 p e r c e n t.
CgHgOgSBr r e q u ir e s  C, 23*7; H, 2 .7 ; Br, 52.6 p e r c e n t.
O zonolysis o f bis-3~brom oprop~2-enyl sulphone (0.41336*) 
y ie ld e d  only  a t r a c e  o f form aldehyde and hydrogen brom ide, 
(0 .421g . s i l v e r  brom ide, 82 .6$  of th e o r e t i c a l  f o r  2 v in y l ic  
b ro m in es).
(b) A yellow  l iq u id ,  b .p . 180-200°C» (bath )/1*3  mm.
( l* 5 g .)  which s o l id i f i e d  on co o lin g , and which, on
r e c r y s t a l l i s a t i o n  from e th e r ,  gave p rism s, m.p. 73-74°C.
Found. 0 ,4 1 .9 ; H, 6 .3 ; B r,28 .1  p e r c e n t.(S  p resen t;N  absen t.)
G10B18G3SBr **<&*■*** 41*7? H, 6 .3 ; B r, 27*7 p e r c e n t.
The su b stan ce  d id  n o t r e a c t  w ith  d ie th y lam in e , and reduced
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T o llen * s re a g e n t slow ly  on h e a tin g . I t  d id  n o t b r in g  back 
th e  co lo u r to  S c h lff* s  re a g e n t. O zonolysis o f  th e  compound 
(0 .2 8 9 g .)  gave no tr a c e  o f form aldehyde, b u t gave hydro- 
brom ic a c id  i n  good y ie ld  (not e s tim a te d ) .
O x idation  of B is~3 -bromoprop~2-enyl Sulph ide and R eac tion  
o f th e  P roduct w ith  D iethy lam ine.
B is-3-brom oprop-2~enyl su lp h id e  (2 . 331g .)  i n  g la c ia l  
a c e t i c  a c id  (30 m l.)  was o x id ised  w ith  s o lu t io n  o f hydrogen 
perox ide  (30$, 5.5  m l .) ,  as d esc rib ed  i n  the  p re p a ra t io n  of
3-brom oprop-2-enyl 2 -d ie thy lam inoprop- 2 -eny l su lphone. The 
r e s u l t in g  s o lu t io n  was th en  poured in to  w ater (150 m l.)  and 
e x tra c te d  w ith  benzene. The benzene e x t r a c t s ,  a f t e r  
w ashing and d ry in g  (Na2S0^), were evaporated  under reduced 
p re s su re  to  y ie ld  a yellow  o i l  (2 .45gO  contam inated w ith  
some c r y s ta l l i n e  m a te r ia l .  This was d isso lv ed  in  benzene 
(20 m l .) ,  warmed w ith  d ie thy lam ine (2 .5  m l.)  f o r  5 m inu tes, 
evapora ted  to  d ry n ess , and e x tra c te d  w ith  benzene. Separa­
t io n  in to  b a s ic  and n o n -b asic  f r a c t io n s  wa3 c a rr ie d  ou t as 
b e fo re  by e x t r a c t in g  th e  benzene so lu t io n  w ith  d i lu te  
h y d ro ch lo ric  a c id . The n o n -b asic  f r a c t io n  remained in  the 
benzene la y e r  and was ob ta ined  from the  l a t t e r  a f t e r  w ashing, 
d ry in g  and e v a p o ra tio n , w hile th e  base was i s o la te d  from th e  
ac id  e x t r a c t  by adding excess sodium hydroxide s o lu t io n , and 
e x t r a c t in g  w ith  benzene.
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B asic  f r a c t io n .
T his was o b ta in ed  as a  reddish-brow n liquid (0.117g.)» 
n ^  1.5125» which owing to  la c k  o f m a te r ia l  was not 
c h a r a c te r i s e d , a lthough  i t  was presumed to  be 1-diethyl- 
am inoprop-2~enyl 3-krom oprop-2lenyl su lphone.
Found, eq u iv . ( t i t r a t i o n )  293*3.
C10H18^2NSBr re<lu i r e s  eq u iv . 296.2.
K on-basic f r a c t i o n .
This was a yellow  o i l  c o n ta in in g  some c r y s ta l l i n e  
m a te r ia l  (2 .0 9 1 g .)> njj^ 1.5649* D i s t i l l a t i o n  a t  145-150°C. 
(b a th ) /0 .6  mm. y ie ld e d  a o o lo u r le s s  o i l  which s o l id i f i e d  on 
co o lin g  (1.75g*)« The c r y s ta l l i n e  m a te r ia l  was sep a ra te d  
from t r a c e s  o f o i l  by p ass in g  i t  i n  e th e r e a l  s o lu t io n  through 
a column of alum ina. I t  was is o la te d  from th e  e a r l i e r  
f r a c t io n s ,  and r e c r y s ta l l i s e d  se v e ra l tim es from l ig h t  
pe tro leum  as c o lo u r le s s  p la te s ,  m .p. 6 5 .5 -6 6 .5°C ., id e n t ic a l  
(m.p. and mixed m .p .)  w ith  b ia - 5 -bromoprop-2 -eny l s u l  phone 
o b ta in ed  p rev io u s ly  (p . 113)*
Attem pted S o lv o ly s is  o f B is -3 -bromoprop-2 -enyl Sulphone.
B is-3-brom oprop-2-enyl sulphone (1 .3 8 2 g .) in glaoial 
a c e t ic  ac id  (18 m l.)  and w ater (2 m l.)  was heated  on a 
b o i l in g  w ater b a th  f o r  1.25 hou rs. The s o lu t io n  was then  
coo led , poured in to  w ater (150 m l.)  and e x tra c te d  w ith
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benzene. Unchanged bis-~3“bromoprop-2--enyl sulphone
( l . 232g . j  confirm ed by m .p. and mixed m .p. w ith  s t a r t i n g  
m a te r ia l )  was recovered  from th e  benzene e x t r a c t s .
A dd itio n  of Hydrogen Bromide to  D ia l ly l  S u lp h id e .
D ia l ly l  su lp h id e  (7 .2 7 g .)  was d isso lv ed  in  carbon t e t r a ­
c h lo r id e  (100 m l.)  and a c r y s ta l  o f benzoyl perox ide  was 
added. The s o lu t io n  was heated  to  b o i l in g ,  and dry hydrogen 
bromide was passed  in  w hile  th e  s o lu t io n  coo led . The so lu ­
t io n  was b rough t to  th e  b o i l  every 3 hou rs. A fte r  22 hours 
th e  so lv e n t was removed under reduced p re ssu re  to  y ie ld  a 
yellow  l iq u id  ( I3 « 7 g .) . F ra c tio n a tio n  o f th e  l iq u id  y ie ld e d  
two components.
(a) 2 -Bromopropyl p ro p -2-eny l S u lp h id e , b .p .  49 -50°Q ./1 .7  mm.
a j 7 ' 5 1.5275 ( 5 .5 g .)
Found. Br, 41.8 p e r c e n t.
CgH^SBr r e q u ir e s  Br, 41.0  p e r c e n t.
(b) B is - 2 -bromopropyl S u lp h id e , b .p .  95°O./0*95 «m.
a£ 9 1.5547 ( 7 .4 g .) .
Found. Br, 58.3 p er c e n t.
°6S12S®r 2 r e l ‘a i r e s  B r» 58.0 p er c en t.
B is -2 -d ie thy lam inopropy l S u lp h id e .
B is-2-brom opropyl su lp h id e  (1 .042g .) i n  bensene 
(12 m l.)  was re f lu x e d  w ith  d ie thy lam ine (2 m l.)  f a r  
5 h o u rs . The base was e x tra c te d  from th e  um reaeted
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m a te r ia l  i n  th e  u su a l manner as a yellow  o i l  (0*46 lg«), 
d i s t i l l i n g  a t  8 0 °C ./1 .2  mm., nj® 1,4747*
Found, eq u iv . ( t i t r a t i o n )  142*3.
C^H^gHgS re q u ire s  eq u iv . 130.1.
The b ase , w ith o u t f u r th e r  p u r i f i c a t io n ,  was converted  to  
th e  d ih y d ro ch lo rid e  in  th e  u su a l way, and r e c r y s ta l l i s e d  
from e th a n o l- e th e r  as c o lo u r le s s  c r y s ta l s  m ,p. 224-226°C. 
(decom p.). Mixed m e ltin g  p o in t w ith  b is-3 ~ d ie th y lam ln o - 
p ropy l su lp h id e  d ih y d ro ch lo rid e  (m.p. 222*5- 223* 5°G .) 
dep ressed  to  211-212.5°C.
Found. Cl, 21.35 $ t  8 .4 5  p er c e n t.
C14H34^2SC12 r e ^u i r e s  21*3; 8 .4  p e r c e n t.
B is -5 -bromopropyl T e tra s u lp h id e .
1*3 Dibromopropane (4 0 .4 g .) ,  p repared  by th e  method in  
O rganic Syntheses ^ 5 8 )  wag a(j^ ed a g t i r r e d  m ix tu re  o f 
sodium su lp h id e  ( 7 .8 g .) in  w ater (10 m l.)  and e th an o l 
(45 m l .) .  The m ix ture was then  re f lu x e d  f o r  3*5 h o u rs , 
coo led , and poured in to  w ater (250 m l .) .  I t  was e x tra c te d  
w ith  benzene, washed w ith  w ater, d r ied  (ETagSO^), and th e  
so lv e n t removed under reduced p re ssu re  to  y ie ld  a  brown o i l .  
T his was d i s t i l l e d  tw ice to  y ie ld  b i s - 5 -bromopropyl t e t r a -  
su lp h id e , b .p . 121-12 5 °C ./1 .2  mm. (6 *32g . ,  17$) as  a  pale  
yellow  o i l ,  n ^  1*5538*
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Found. B r, 42*4 p e r c e n t.
C6H12S4B r2 r e ^lai:res 42.9 p e r c e n t.
B is -3 -d ie th y lam in o p ro p y l T e tra su lp h id e  D ih y d ro ch lo rid e .
B is-3-brom opropy l te t r a s u lp h id e  (2*313®*) benzene
(20 m l.)  was re f lu x e d  w ith  d ie thy lam ine  (4 m l.)  f o r  1 .5
h o u rs . The m ix ture  was evaporated  to  d ry n ess , e x tra c te d
w ith  benzene, and th e  benzene e x t r a c ts  were e x tra c te d  w ith
d i lu t e  h y d ro ch lo ric  a c id . A ddition  of excess sodium
hydroxide to  th e  ac id  e x t r a c t  l ib e r a te d  th e  f r e e  base which
was e x tra c te d  w ith  benzene. A fte r  washing w ith  w ate r, d ry ing
(tfagSO^), and removal o f so lv en t under reduced p re s su re , a
17  Rp a le  yellow  o i l  rem ained (1 .3 4 g .) ,  1 *4953» which
d i s t i l l e d  a t  15 5 -1 6 0 °C .(b a th )/1 .6  mm., as a c o lo u r le s s  o i l ,
1 .4988. This was converted to  th e  d ih y d ro ch lo rid e  
i n  th e  u su a l way, and r e c r y s ta l l i s e d  tw ice from e th an o l as 
c o lo u r le s s  n e e d le s , m.p. 245*5-246.5°C.
Found. 0,39*8} 0,7*5} 0 ,6 .7 }  01, 17*0 p e r  cen t.
°14H34H2S ̂ Olg r e q u ir e s  0,59*1} 0 ,8 .0 }  0 ,6 .5 }  01, 16.5 p e r cen t.
OXIDATION EXPERIMENTS.
Di-n-butyl Sulphide.
Anhydrous sodium su lp h id e  (12g .) was p laced  i n  a f l a s k  
w ith  e th a n o l (50 m l .) ,  and th e  m ix ture  was h ea ted  to  b o i l in g  
w ith  s t i r r i n g .  n -B u ty l bromide (3 7 g .) was then  slow ly  
added (20 m in .) , and th e  s t i r r e d  m ix tu re  was re f lu x e d  f o r  a 
f u r th e r  7 h o u rs . The bu lk  o f th e  e th an o l was d i s t i l l e d  o f f  
and th e  r e s id u e , on co o lin g , poured in to  w ater (100 m l.)  and 
e x tra c te d  w ith  e th e r .  The e th e re a l  e x t r a c ts  were washed, 
d r ie d  (0a2$O^), and th e  e th e r  removed by d i s t i l l a t i o n .  The 
re s id u e  was d i s t i l l e d ,  and d i-n -b u ty l su lp h id e , b .p .  4 7 °C ./
2 mm., n ^  1.4560 ( I2 g .,  61$) was c o l le c te d . Gray and
G utekunst(^59) r e p0 r £ f c . p ,  180~185°Cc/760 mm.
D fbenzyl Sulphide was p repared  as above from benzyl bromide 
(4 0 g .) .  The impure dibenzy}. su lph ide was p u r if ie d  by 
d i s t i l l i n g  a t  160~170°C .(bath)/2  mm. I t  condensed as a 
ye llow  c r y s ta l l i n e  mass, m .p. 44-46°C. (1 0 g ., 40$).
S h r in e r , S tru ck , and J o r i s o n ^ ^ 0  ̂ r e p o r t  m .p. 49°C.
2>2%4*4^T e tra n itro d ip h e n y l Sulphide
1 -C h lo ro -2 s4 -d in itro b en zen e  (1 0 .1g .) was d isso lv ed  in  
e th a n o l (90 m l .) .  A s o lu t io n  of sodium th io s u lp h a te  
(1 2 .5 g .) in  w ater (50 m l.) was added, and th e  m ix tu re  was 
re f lu x e d  w ith  s t i r r i n g  f o r  30 m inutes. Sodium th io s u lp h a te
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(5g*) was th en  added and th e  m ix tu re  re f lu x e d  f o r  a  f u r th e r  
30 m in u tes . On co o lin g , 2*214*4 - te tr a n i t ro d ip h e n y l  su lp h id e  
was f i l t e r e d  o f f ,  washed w ith  e th an o l and d r ie d  i n  a  vacuum 
d e s ic c a to r ,  m.p. 195-197°C. (4.7g., 5 1 .5 # ). Hodgson and 
D o d g e o n '^ ^  gave m.p. 197°C.
Attem pted P re p a ra tio n  of Dicinnamyl S u lp h id e .
Ginn amyl c h lo rid e  (12.14gO  was d isso lv ed  i n  e th an o l 
(240 m l .) ,  and a m ix tu re  o f sodium th io s u lp h a te  (I2 .14g*) in  
w ate r (140 m l.)  was added. The m ix tu re  was re f lu x e d  w ith  
s t i r r i n g  f o r  1 hour, sodium th io s u lp h a te  (4*86g.) was added, 
and th e  m ix ture  was re f lu x e d  fo r  a f u r th e r  30 m inu tes. The 
h u lk  o f th e  e th an o l was d i s t i l l e d  o f f ,  and th e  re s id u e , on 
co o lin g , was poured in to  w ater (200 m l.)  and e x tra c te d  w ith  
e th e r .  The e th e r e a l  e x t r a c ts ,  a f t e r  washing w ith  w ater and 
d ry in g  (NagSO^), were evaporated  to  y ie ld  a yellow -co lou red  
se m i-so lid  mass (5*75g*)* This was d isso lv ed  in  l i g h t  
petro leum  (40-60°C .) and passed th rough  a column o f alum ina.
I t  was e lu te d  f i r s t  w ith  l ig h t  petro leum , then  w ith  benzene 
( in c re a s in g  to  40$) in  l i g h t  petro leum , and f i n a l l y  w ith  
e th a n o l (12$) i n  l i g h t  petroleum - From the  e a r l i e r  f ra c t io n s  
a w h ite  s o l id  was ob ta ined  which was r e c r y s ta l l i s e d  from l ig h t  
petro leum  (40-60°C .) as  fe a th e ry  c r y s ta ls  o f a dicinnam yl 
t r i s u lp h id e ,  m.p. 95-95* 5°C.
Found. C, 64 .9 ; H, 5*6 p e r c e n t.
^18^18^3 rec tu:*-r e s  65*5*f H, 5*5 p e r  c e n t .
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From th e  l a s t  f r a c t io n  a  reddish-brow n l iq u id ,  a ^ #^1#5728, 
was o b ta in ed  which, a s  in d ic a te d  by th e  a n a ly s is ,  was 
p robab ly  an impure specimen o f d icinnam yl su lp h id e .
A ttem pts to  o b ta in  pure m a te r ia l  were u n su c c e s s fu l .
Foiind. C, 85*2; H, 8 .2  p er c e n t.
Ci 8Hi 8S r e q u ire s  C, 81.2} H, 6 .8  p e r  c e n t.
O xidations w ith  Chrome Acid in  P y r id in e .
(a) P i - n - b u ty l S u lphox ide.
Chromic a c id  (18.5g«) was added slow ly (1 hour) to  a 
s t i r r e d  s o lu t io n  o f d i-n -b u ty l su lp h id e  ( 5 .5 g .) in  p y rid in e  
(180 m l .) .  A fte r  s ta n d in g  o v ern ig h t the m ix tu re  was poured 
in to  w ate r (1 1 .)  and e x tra c te d  w ith  e th e r .  The e th e r e a l  
e x t r a c t s ,  a f t e r  washing w ith  w ate r, d ry ing  (NagSO^), and 
ev a p o ra tio n  o f th e  so lv e n t, y ie ld ed  a yellow  l iq u id  which 
c r y s ta l l i s e d  in  a vacuum d e s ic c a to r .  D i s t i l l a t i o n  of the  
p ro d u c t a t  115-12 0 °C .(b a th )/2  mm. gave d i-n -b u ty l  su lphoxide 
(3g*> 49$) as a c o lo u r le s s  l iq u id ,  which c r y s ta l l i s e d  only 
under anhydrous co n d itio n s  as w hite c r y s ta l s ,  m.p. 31~32°C. 
B e r t ^ ^ )  r e p o r ts  m.p. 32°C.
On exposure to  th e  a i r ,  the  c r y s ta ls  ra p id ly  absorb  m o is tu re  
and l iq u e fy ,  a p rocess which i s  rev ersed  on d eh y d ra tio n .
(b) D ibenzyl Sulphoxide.
Chromic ac id  (6 .2 g .)  was added slow ly (1 hour) to  a
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s t i r r e d  s o lu t io n  o f d ibenzy l su lp h id e  (1 .2 5 g .)  i n  p y rid in e  
(00 m l.)*  A fte r  s ta n d in g  f o r  5 days th e  m ix tu re  was 
poured in to  w ater (50 m l.)  and e x tra c te d  w ith  benzene. The 
benzene e x t r a c t s ,  a f t e r  washing and d ry ing  (Fa^SO^), y ie ld e d  
on ev a p o ra t io n  a y e llo w ish  s o l id ,  m.p. 126-130°C. (1 * 1 g .). 
T his was r e c r y s ta l l i s e d  from l i g h t  petroleum  (80-100°C .) to  
y ie ld  alm ost c o lo u r le s s  c r y s ta l s  o f d ibenzy l su lp h o x id e , 
m .p. 133~134°C. (0.95g*» 7 1?)  ~ B o h m e^ 9 ) g iv es  m.p. 
154-155°C.
(c) Attempted O xidation  of B ia l l y l  S u lp h id e .
Chromic ac id  (23*5g*) was added slow ly (1 hour) to  a
s t i r r e d  s o lu t io n  of d i a l l y l  su lp h id e  (1 0 .3g*) in  p y r id in e
(226 m l .) .  A fte r  s tan d in g  overn igh t th e  m ix ture was poured
in to  w ater (1 .5  1*) and e x tra c te d  w ith  benzene. The benzene
e x t r a c t s ,  a f t e r  washing w ith  w ater, d ry in g  (FagSO^), and
removal o f th e  so lv en t by d i s t i l l a t i o n ,  y ie ld ed  a dark brown 
ocso i l  ( 0 .8 g .) ,  n^ 1.5370 which was n o t f u r th e r  in v e s t ig a te d .  
F ra c t io n a t io n  o f th e  benzene d i s t i l l a t e  f a i le d  to  y ie ld  any 
d i a l l y l  su lphox ide , and ev ap o ra tio n  o f th e  aqueous l iq u id ,  
fo llow ed  by e x t r a c t io n ,  y ie ld ed  only  a tr a c e  of dark brown
o i l .
O xidations w ith  Manganese Dioxide in  L igh t P e tro leu m .
Manganese d iox ide  was prepared by p r e c ip i ta t io n  from
manganese su lp h a te  and potassium permanganate as described
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by B a l l ,  Goodwin and Morton^24^ .  l i g h t  petro leum  (40- 
60°C.) was sodium d r ie d .
(a) D i-n -b u ty l S u lphox ide.
D i-n -b u ty l su lph ide  ( l .2 g . )  d isso lv ed  in  l i g h t  p e t r o l ­
eum (120 m l.)  was shaken co n tinuously  w ith  manganese d io x id e  
(1 2 .7 g .)  f o r  35 hours. F i l t r a t i o n  and ev ap o ra tio n  y ie ld ed  
a  sm all q u a n ti ty  o f yellow  l iq u id  which c r y s ta l l i s e d  i n  a 
vacuum d e s ic c a to r  (Q.25g*)« The manganese d iox ide was then  
e x tra c te d  w ith  benzene f o r  13 hours in  a continuous e x tra c ­
t i o n  a p p a ra tu s . E vaporation  gave a f u r th e r  y ie ld  of yellow  
l iq u id  which c r y s ta l l i s e d  under anhydroiis co n d itio n s  (0 .7 5 g ). 
D i s t i l l a t i o n  o f th e  mixed p roducts gave d i-n -b u ty l  su lphoxide 
(0 .9 7 g ., 71 fa) as an o i l  c r y s t a l l i s in g  under anhydrous 
c o n d itio n s , m .p. 31~32°C.
(b) P ibenzy l Su lphoxide.
D ibenzyl su lph ide  (0 .7 4 g .)  in  l ig h t  petroleum  (75 m l.)  
was shaken con tinuously  w ith  manganese d iox ide (7*5g ) f o r  
72 h o u rs . F i l t r a t i o n  and ev ap o ra tio n  gave only  t r a c e s  of 
unchanged d ibenzy l su lp h id e . The manganese d iox ide was 
e x tra c te d  w ith  chloroform  fo r  10 hours i n  a continuous 
e x t r a c t io n  ap p a ra tu s  to  y ie ld ,  on ev ap o ra tio n , a  s o l id  
p ro d u c t, m .p. 93-100°0. (0.59gO * Be c r y s t a l l i s a t i o n  from
l i g h t  petro leum  (80-1Q0°C.) gave d ibenzy l su lphox ide, m.p. 
133-134°C. (0 .5 g .,  74$)•
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(° )  P i a l l y l  S u lphox ide.
D ia l ly l  su lp h id e  (2*5g*) d isso lv ed  i n  l i g h t  petro leum  
(370 m l.)  was shaken co n tin u o u sly  w ith  manganese d io x id e  
(37*5g*) f o r  76 h o u rs . F i l t r a t i o n  and ev a p o ra tio n  gave 
only  a  sm all q u a n tity  of unchanged su lp h id e . The manganese 
d io x id e  was th en  e x tra c te d  w ith  chloroform  in  a con tinuous 
e x t r a c t io n  ap p a ra tu s  f o r  6 hou rs. Removal o f  th e  so lv e n t 
by d i s t i l l a t i o n  y ie ld e d  a brow nish-red  l iq u id  n ^ * ^  1.5173 
(crude y ie ld  1*28g., 45$). D i s t i l l a t i o n  o f th e  p roduct 
y ie ld e d  d i a l l y l  su lp h o x id e , b .p .  100-110°C .(b a th ) /5  mm., 
n^7 ' 5 1 .5117, 1 .054, (0 .3 6 g ., 13$). iew in ^248)
g iv e s  I).p . 8 9 -9 0 °C ./2 .6  mm., n 20 1.5115, d?° 1.0261.
Attempted O xidation  of 2 s 214:4-1 e tra n itro d ip h e n y l Sulphide 
w ith  Manganese Dioxide in  A cetone.
2 t 254s 4 - te tra n i tro d ip h e n y l su lp h id e  (0 .79g*) d isso lv ed  
in  acetone (45 m l.)  was shaken con tinuously  w ith  manganese 
d io x id e  (2 .9g») f o r  18 hours. The m ix ture was th en  
f i l t e r e d ,  and th e  manganese d iox ide was e x tra c te d  w ith  
acetone in  a continuous e x tra c t io n  ap p ara tu s  f o r  7 h ou rs. 
A fte r  removal o f th e  so lv e n t, the yellow  re s id u e  was 
r e c r y s ta l l i s e d  from e th a n o l, m.p. 197-198°C. (0 .7 1 g .)> and 
found to  be unchanged s t a r t in g  m a te r ia l (mixed m e ltin g  p o in t 
w ith  s t a r t i n g  m a te r ia l  197-198°C .).
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S S -d i-n - b u ty l- f f - to lu e n e -p - au lp h o n y lsu lp h i d im ine.
(a) From d i - n - b u ty l s u lp h id e .
D i-n ~ b u ty l su lp h id e  (0 .6 8 g .) was shaken v ig o ro u s ly  w ith  
a co ld  s a tu ra te d  aqueous s o lu t io n  o f Chloramine T (1 .3 6 g .) .
A s o l id  se p a ra te d  ou t in  a few m inu tes, and was f i l t e r e d  o f f  
a f t e r  s ta n d in g  f o r  1 hour, washed w ith  w ater and d r ie d .  I t  
was r e c r y s ta l l i s e d  from b e n z e n e -lig h t petro leum  m ix tu re  to  
y ie ld  th e  su lph id im ine  as c o lo u r le s s  n e e d le s , m .p. 7 7 .5 -7 8 °0 . 
Found. S, 19*5 p e r ce n t.
Oi^Hg^OgBS re q u ir e s  S, 20.3 p er c e n t.
(b) From d i - n - b u ty l su lp h o x id e .
D i-n -b u ty l su lphoxide (0. 55g*) and to lu ene-£ -su lphon~  
amide (0 .5 6 g .)  were re f lu x e d  w ith  phosphorus pentoxide 
(0 .5 5 g .) in  chloroform  (4 m l.)  f o r  30 m inu tes. Phosphorus
pen tox ide  (C.35g«) was then  added and the m ix ture re f lu x e d
f o r  a f u r th e r  30 m inu tes, The hot s o lu t io n  was then  
decanted, from th e  s ludge , coo led , washed w ith  sodium 
hydroxide s o lu t io n  (10$) and f i n a l l y  w ith  w ater. The ch lo ro ­
form s o lu t io n , a f t e r  d ry ing  (Ila^SO^) and ev ap o ra tio n , y ie ld e d  
a brow nish mass o f c r y s ta l s .  These were heated  w ith  ch a rco a l 
in  benzene s o lu t io n , and f i l t e r e d .  The re s id u e , a f t e r  
removal of so lv e n t and r e c r y s ta l l i s a t i o n  from b en z en e -lig h t 
petro leum , gave th e  su lphid im ine as c o lo u r le s s  n e e d le s , m.p. 
7 7 .5 -7 8 °0 ., alone o r mixed w ith  a specimen prepared  as
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d e sc r ib e d  u nder ( a ) .
The sludge from th e  re a c t io n  m ix ture  was watmed w ith  a  
few m l. o f sodium hydroxide s o lu t io n  (20$), and th e n  l e f t  
s ta n d in g  o v e rn ig h t. The brownish c r y s ta l s  which se p a ra ted  
from  th e  s o lu t io n  were f i l t e r e d  o f f  and p u r if ie d  as above 
to  g ive a f u r th e r  y ie ld  o f S S -d i-n -b u ty l-F - to lu e n e -p - 
au lp h o n y lsu lp h i d im ine.
Attem pted P re p a ra tio n  of S S -b is - (2 :4 -d in itro p h e n y l) -HT- 
to lu e n e -p- su l phony! su l phi d im ine.
2 t 2 l4 s4 -T e tra n itro a ip h e n y I  su lph ide  (0*332g*) i n  
acetone  (20 m l.)  was shaken v ig o ro u sly  f o r  5 m inutes w ith  a 
co ld  s a tu ra te d  aqueous s o lu t io n  of Chloramine T (0 .2 6 g ,) , 
and th en  warmed in  a w a te r-b a th  a t  50°C. f o r  a f u r th e r  10 
m in u tes . The s o lu t io n  tu rned  dark red  in  co lo u r. A fte r  
th e  a d d i t io n  of w ater (20 m l*), th e  bu lk  o f th e  aoetone was 
removed by d i s t i l l a t i o n .  The p re c ip i ta te d  s o l id  was 
f i l t e r e d  o f f ,  d r ie d , and r e c r y s ta l l i s e d  from benzene, m .p. 
197-198°C ., and found to  be unchanged s t a r t i n g  m a te r ia l ,  
(mixed m.p. w ith  s t a r t i n g  m a te r ia l 197-193°C .).
Oxidat io n  of  D ia l ly l  Sulphide w ith  Chromic Acid i n  A cetic  
A c id .
Chromic ac id  (1.875g«) in  w ater (2 m l.)  was added to  a 
so lu t io n  o f d i a l l y l  su lph ide  (2 .5 g .)  in  a c e t ic  ac id  (80$,
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no m l.) .  The s o lu t io n  was h ea ted  to  70°0. f o r  20 m inu tes, 
l e f t  s ta n d in g  a t  room tem peratu re  f o r  12 h o u rs , and poured 
in to  w ate r (50 m l .) .  E x tra c tio n  w ith  ch loroform , washing 
w ith  w a te r , d ry in g  (Fa2S0^), and removal o f  so lv e n t under 
reduced p re ssu re  y ie ld e d  a yellow  o i l  (2 .2 5 4 g .) .
D i s t i l l a t i o n  under reduced p re ssu re  gave d i a l l y l  su lphoxide 
(l.94g*> 68.1$) a s  a  c o lo u r le s s  o i l ,  b .p .  103-10 8 ° C .(b a th ) /  
3*25 mm.r 1.5140*
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GEKERAL METHODS OF TESTING TUBERCULOSTATIC AGENTS.
B efore any tu b e r c u lo s ta t ic  agen t can be used f o r  
c l i n i c a l  t e s t s ,  i t  must undergo numerous in  v i t r o  and in  
v ivo  t e s t s .  In  v i t r o  t e s t s  a re  a u s e fu l p re lim in a ry  
although, t h e i r  v a lu e  i s  s t r i c t l y  l im ite d ,  s in c e  th e re  i s  
no g u aran tee  th a t  su b stan ces p o sse ss in g  in  v i t r o  a c t i v i t y  
w i l l  show s im ila r  a c t i v i t y  in  v iv o . On th e  o th e r  hand a 
su b stan ce  showing p r a c t i c a l ly  no a n t ib a c te r i a l  a c t i v i t y  in  
v i t r o  may show co n s id e rab le  in  v ivo a c t i v i t y .  In  a d d i t io n , 
even w ith  compounds showing co n s id e rab le  in  v i t r o  a c t i v i t y ,  
i n  v ivo  t e s t s  a re  n ecessa ry  in  o rd e r  to  e s ta b l i s h  th e  
chem otherapeu tic  index  by means of to x ic i ty  t e s t s .
One o f th e  c h ie f  advantages of r e l i a b l e  in  v i t r o  t e s t s  
i s  t h a t  th e  s y n th e s is  o f la rg e  q u a n t i t ie s  o f su b stan ces , 
re q u ire d  f o r  t e s t s  on experim enta l anim als f o r  a p e rio d  of 
s ix  o r  seven weeks, i s  n o t n ecessa ry  u n t i l  some id e a  o f th e  
a n t ib a c t e r i a l  a c t i v i t i e s  o f  th e  substances has been 
o b ta in e d . R e lia b le  in  v i t r o  t e s t s  can nowadays be obtained  
u s in g  th e  s p e c ia l  medium of D u b o s ^ ^ ^ , o r P e iz e r  and 
S c h e c te r ( ^ 6 2 ) # form er medium in c lu d e s  c e r ta in  w ater-
so lu b le  e s te r s  o f o le ic  a c id , in  a d d itio n  to  serum album in, 
and th e  b a c te r ia  grow ra p id ly  th roughout th e  l iq u id  medium 
r a th e r  th an  a t  the  su rface  a lo n e . The egg-agar medium of 
P e iz e r  and S ch ec ter p rov ides more r e l i a b le  r e s u l t s  and o f te n
129-
shows up a s  in a c t iv e ,  compounds which have g iven  p o s i t iv e  
r e s u l t s  i n  Dubos medium* However, a l l  compounds shown to  
be e f f e c t iv e  in  man, have been found to  be a c t iv e  i n  b o th  
o f th e se  m edia.
Of th e  i n  v ivo  m ethods, th e  guinea p ig  t e s t  has been 
used e x te n s iv e ly  and developed by Feldman and Hlnshaw^2^ . 
Guinea p ig s  a re  h ig h ly  s u s c e p tib le  to  human tu b e rc u lo s is ,  
so t h a t  any su b stan ce  which produces fav o u rab le  r e s u l t s  in  
them, w i l l  be alm ost c e r ta in  to  be b e n e f ic ia l  to  human 
b e in g s . The anim als a re  in fe c te d  by means o f  a 
subcutaneous in f e c t io n  of v i r u le n t  human tu b e rc le  b a c i l l i ,  
and th e  d ise a se  i s  allowed to  develop fo r  about s ix  weeks. 
Each anim al should th en  g ive a p o s i t iv e  tu b e rc u lin  r e a c t io n . 
The maximum th e ra p e u tic  dose p o s s ib le , c o n s is te n t w ith  
s a f e ty ,  i s  th en  ad m in is te red  s u f f i c ie n t ly  o f te n  so as to  
m a in ta in  adequate co n c en tra tio n s  of th e  drug in  th e  b lood .
A c o n tro l group of anim als i s  used f o r  comparison w ith  those 
in  th e  t e s t  group, and th e  experim ent i s  u s u a lly  designed so 
th a t  th e  p ro p o rtio n  o f su rv iv o rs  in  th e  t e s t  group i s  
compared w ith  no su rv iv o rs  in  the  co n tro l group. Very o f te n  
th e  su rv iv o rs  a re  kep t under o b se rv a tio n  f o r  th e  rem ainder o f 
t h e i r  l i v e s ,  o r  tre a tm e n t may be continued in  a p ro p o rtio n  o f 
th e  su rv iv o rs .
The mouse t e s t  was in tro d u ced  by Swabacher and 
W ilson^264  ̂ in  an a ttem pt to  cut down th e  tim e req u ired  fo r  
th e  t e s t .  An acu te  in f e c t io n  i s  e s ta b lis h e d  by la rg e
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in je c t io n s  o f  th e  tu b e ro le  b a c i l l i  and th e  assessm ent o f 
a c t i v i t y  i s  based upon th e  mean m o r ta l i ty  tim e o f  a  group 
o f m ice, o r  a l t e r n a t iv e ly  upon th e  number o f  organism s 
i s o la te d  from a weighed p iece  o f sp le en .
An in  v ivo  t e s t  which makes use of th e  r a b b i t  cornea 
a s  th e  s i t e  o f in f e c t io n  has been d escrib ed  by Robson^2^*^. 
S tandard  tu b e rc u lo u s  le s io n s  a re  ob ta in ed  w ith in  a few days 
and a re  s u f f i c i e n t ly  r e l i a b l e  f o r  s tu d y in g  a n t i  tu b e rcu lo u s  
a g e n ts . These drugs a re  in je c te d  in to  th e  p o s te r io r  
chamber o f  th e  eye and d if fu s e  in to  th e  a n te r io r  p a r t  and 
th e  co rnea . By t h i s  means, adequate chem otherapeutic 
l e v e l s  o f  th e  drug can be m aintained a t  th e  s i t e  o f  th e  
in f e c t io n  f o r  between 48 and 72 hours
TESTING OF BIS PI AL1CYL AMINO ALKTL SULPHIDES AJTD SULPHOHES
P re lim in a ry  assessm ent o f th e  tu b e r c u lo s ta t ic  a c t i v i t y  
o f th e  compounds p repared  in  t h i s  work was measured a g a in s t
(1) M. tu b e rc u lo s is  v a r  hom inis (OF 3679) in  Dubos medium 
and in  P e iz e r  and S chec ter medium, and
(2) M. tu b e rc u lo s is  v a r  hom inis (H 37 Rv) in  P e iz e r  and 
S ch ec te r  medium on ly .
For th e  t e s t s  in  Dubos medium th e  drugs were added to  
th e  medium a t  a c o n c e n tra tio n  o f 1,000 ^-ug. p e r m l. ,  
s t e r i l i s e d  by T y n d a ll iz a tio n  a t  60° C. on two su c cess iv e  days, 
and th en  d i lu te d  a s e p t ic a l ly  in  tw o-fo ld  decrem ents in  
volumes o f 2 ml. i n  5 ml. screw -cap b o t t l e s .  For th e  t e s t s  
in  P e iz e r  and S ch ec ter medium, the  drugs were added to  
p h y s io lo g ic a l normal s a l in e  a t  te n  tim es th e  d e s ire d  s tre n g th , 
s t e r i l i s e d  s im i la r ly ,  and th en  s e r i a l l y  d ilu te d  in  tw o-fo ld  
decrem ents. Volumes of 0 .2m l. were than  tr a n s fe r r e d  to  5 ml. 
screw -cap b o t t l e s  and 1.8 ml. o f th e  medium added to  each a t  
56°C. to  g ive f i n a l  c o n c en tra tio n s  o f th e  same o rd e r as th a t  
used i n  th e  Dubos medium. The medium was then  in cu b a ted  in  
a s loped  p o s i t io n .
The inoculum fo r  th e  Dubos medium was one drop o f a 
seven days o ld  Dubos c u l tu re ,  c en trifu g ed  and co n cen tra ted  
to  h a l f  o f th e  o r ig in a l  volume, w hile f o r  th e  P e iz e r  and 
S ch ec te r medium about one hundredth of t h i s  inoculum was used ,
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name ly  , one drop o f a fo u r  days o ld  c u l tu re  w ith o u t concen­
t r a t i o n ,  run  over th e  su rfa ce  o f the  medium.
The t e s t s  i n  Dubos medium were read  a f t e r  seven and 
fo u r te e n  days in c u b a tio n  a t  37°C ., and th o se  i n  th e  P e iz e r  
and S ch ec te r  medium a f t e r  fo u r te e n  and tw enty-one days.
F o r purposes of com parison th e  t e s t s  were a lso  c a r r ie d  
o u t on I s o n ia z id  and on strep to m y cin .
Table 2 shows th e  r e s u l t s  of th e  b a c te r io lo g ic a l  t e s t s .  
The key to  th e  numbering o f th e  compounds in  th e  ta b le  i s  
g iven  below.
1. B is-3 -d ie th y lam in o p ro p y l sulphone d ih y d ro ch lo rid e .
2. B is - 3 - d ie thy lam inoprop-1™enyl sulphone d ih y d ro ch lo rid e . 
3* B is-6 -d ie th y lam in o h ex y l sulphone d ih y d ro ch lo rid e .
4. B is -6 - ( l -p ip e r id y l) -h e x y l  sulphone d ih y d ro ch lo rid e .
5* B is-1 0 -d ie th y lam in o d ecy l sulphone d ih y d ro ch lo rid e .
6. B is -1 0 - ( l -p ip e r id y l) -d e c y l  sulphone d ih y d ro ch lo rid e .
7 . B is-6 -d ie th y lam in o h ex y l su lph ide  d ih y d ro c h lo r id e .
8 . B is -6 - (1 -p ip e r id y l) -h e x y l  su lph ide  d ih y d ro c h lo r id e .
9 . B is-1 0 -d ie th y lam in o d ecy l su lp h id e  d ih y d ro c h lo r id e .
10. B is -1 0 - (1-p ip e r id y l) -d e c y l  su lph ide  d ih y d ro ch lo rid e .
11. I s o n ia z id .
12. S trep tom ycin .
I  am in d eb ted  to  Dr. S. R. M. Bushby o f the ftelleeme 
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C onc lusions .
She r e s u l t s  o f  th e  b a c te r io lo g ic a l  t e s t s ,  shown i n  
f a b le  2, le ad  to  th e  fo l lo w in g  c o n c lu s io n s :-
1. Hone of th e  compounds examined po ssesses  t u b e r e u lo s t a t i c  
a c t i v i t y  of th e  same o rd e r  as t h a t  o f  I s o n ia z ld  o r  
s trep to m y cin .
2. fhe  lo n g -ch a in  compounds a re  more a c t iv e  than  those  
w ith  s h o r t e r  ch a in s .
3. Su lph ides a re  more a c t iv e  than  sulphones.
4. U n sa tu ra t io n  i n  th e  chain  in c re a s e s  a c t i v i t y  to  a 
s u r p r i s in g ly  h igh  l e v e l ,  the  sh o r t  chain  compound, b i s - 3 -  
d ie thy lam inoprop -1 -eny l sulphone d ihyd roch lo ride  being  
alm ost as  a c t iv e  as b i s - 1 0 - ( l - p ip e r id y l ) - d e c y l  sulphone 
d ih y d ro c h lo r id e ,  th e  most a c t iv e  of th e  s a tu ra te d  sulphones 
examined.
In  conc lus ion , th e re fo r e ,  i t  can be s ta te d  t h a t  
w h i l s t  no u s e fu l  development can be expected from a f a r t h e r  
study o f  s a tu ra te d  a l i p h a t i c  amino su lp h id es  and su lphones, 
p r o f i t a b l e  advances may y e t l i e  i n  a f u l l  exam ination o f  
the  e f f e c t s  o f  u n s a tu ra t io n  i n  t h i s  s e r i e s .
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Official or Proprietory Bame System atic  Home
Bapaone 4 J 4 -Bi amino d iphenyl sulphone
Maaone.
4? 4 -Bi amino diphenyl sulphone 
disodium formaldehyde 
su lp h o x y la te .
Isoniazid. iso -IT ico tin ic  ac id  hydrazide.
Promin.
Bisodium 4 i 4 -diaminodiphenyl 
sulphone-IT j H-di gluco se-  
su lp h o n a te .
Solapsone; Sulphetrone
Tetrasodium 4 :4 -b is-2 f  -phenyl* 
n~propylaininophenyl sulphone 
te t r a s u lp h o n a te .
Thiaeetazone; Conteben; 4-Acetylaminohenzaldehyde
TB1/698; Tibione. thiosem icarbazone.
